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CHAPTER I 
INTRODUCTION 
The negative after-effect of motion has been 
known since the time of Aristotle. 1 It can easily 
be seen outside the laboratory by fixedly staring 
at a stationary point in a moving field of 
repetitive stimulation, such as a stone protruding 
from a rapidly moving stream or waterfall. If 
after a half minute or more of steady fixation the 
gaze is then directed at a fixed point on the gravel 
bank, or adjacent foliage, movement in the opposite 
direction from that of the moving water will be seen.2 
The effect may also be observed by first staring 
at railroad ties or the scenery from a slowly 
moving train, and then allowing the after-effect to 
be viewed on a stationary surface inside the train.3 
In the laboratory the effect is generated ·either 
by a moving band of alternate black and white stripes, 
lAristotle, Parva Naturalia, in Hammond, w. A., 
Aristotle's Psychology, Macmillan, N. Y., 1902, p. 236. 
1 
2Adams, R., An Account of a Peculiar Optical 
Phaenomenon Seen After Having Looked at a Moving 
Body. Phil. ¥ag., 3 ser., 5, 1834, p. 373, in Wohlgemuth, 
A., On~ A ter-effect or-seen Movement, Brit. J. 
Psychol. Monog. ~., 1911, !, p. 2. ---- -
3zehfuss, G., Uber Bewegungsnachbilder 
Wiedemann's Annalen~· Physik und Chemie, 1Aso, 
Bd. 2, pp. 672-6, in Wohlgemutn;-A., ibid., p. 10. 
2 
or by a rotating black and white spiral. In the 
former case it is usually known as the waterfall 
effect,4 and in the latter as the "Archimedes Negative 
After-Effeet.n5 In each ease the after-effect is 
viewed either on the band or spiral itself, after 
it has been stopped, or on a second stationary 
surface. 
In paralleling the practice of studies on 
figural after-effects, the first or moving stimulus 
which generates the effect will be referred to as the 
inspection stimulus. The second, stationary stimulus, 
on which the after-effect is viewed, will be called 
the test stimulus.6 
In recent years a number of investigators have 
attempted to utilize the negative after-effect of 
motion as a diagnostic tool for assessing brain 
damage. The early results appeared to show promise, 
but more recent studies are much more equivocal. 
In general, adequate techniques for measuring 
4James, W., Princi~les £! Ps~chology, Vol. II, 
Henry Holt, New York, 1 9o, p. 24 • 
5standlee, L. s., Archimedes Negative After-effect 
as an Indication of Memory Impairment, J. Consult. 
Psycho!., 1953, !Z, p. 317. -
6Konler, w., and Wallach, H., Figural After-effect; 
An Investigation of Visual Processes. Proc. Amer. 
fill· ~·, 1944, M, P· 271. - -
and controlling the effect have been unavailable. 
The early European literature, which points to 
many significant parameters, has been neglected. 
The purpose of the present study is to 
investigate the role of texture of the test stimulus 
on the perception of the negative after-effect of 
motion. The investigation will concern itself with 
the relationship between texture and the apparent 
rate of the effect. 
3 
Preliminary investigation and a survey of the 
literature indicate that texture may be a relevant 
variable that must be considered if the negative 
after-effect of motion is to be useful as a clinical 
instrument. 
A theory will be proposed which predicts the 
relationship between the texture of the test stimulus 
and the rate of the after-effect. 
CHAPTER II 
HISTORY OF THE NEGATIVE AFTER-EFFECT 
There are four aspects of the history of the 
negative after-effect of motion which are relevant 
for this study. These are: (1) The general descriptive 
history of the effect, (2) the history of the 
measurement of rate, (3} the history of the recent 
clinical use of the effect, and (4) the history of 
the theories that have been devised to account for 
the effect. 
1. General History 
The after-effect of motion is first mentioned by 
Aristotle, 1 who noted that after looking at swiftl~ 
flowing streams, stationary objects appeared to be in 
motion. It is next described by Purkinje,2 who noticed 
that after he watched a prolonged cavalry procession, 
the houses along the route appeared to move in the 
opposite direction. Plateau,3 in 1850, was the first 
1Aristotle 1 Parva Naturalia, in Hammond, w. A., 
2£• cit., p. 236. 
2purkinje, J., Beobachtunfen und Versuche zur 
Physiol. der Sinne, 1825, Bd. :I, p:-6o, in Wohlgemuth, 
A., On the After-effect of Seen Movement. Brit. J. 
Psycho!. Monog. ~., 1911, !, p. 2. ---- -
3Plateau, J., Vierte Notiz tlber eine neue 
Sonderbare Anwendung des Verweilens der Eindrucke 
auf der Netzhaut. Poggendorf's Annalen, 1850, Bd. 80, 
pp. 287-292, in Wohlgemuth, A., ibid., p. 3. --
5 
to utilize a spiral to generate the effect. A complete 
historical survey until 1911 is provided by 
Wohlgemuth. 4 
It is of interest to note that the early 
investigators who saw the effect in nature, most often 
discovered it in places where a rough irregular texture 
predominated. Adams5 saw it in the scenery surrounding 
a waterfall. Oppel6 was first made aware of the effect 
after a friend saw the negative after-movement in the 
Rhine River gravels at Schaffhausen. Mach? specifically 
stated that the effect was experienced on faint contours 
but not on well marked ones. Zehfussg saw the effect in 
the subjective visual field, which is often described 
as a textured field of chaotic sparks. (Helmholtz's 
4wohlgemuth, A., On the After-effect of Seen 
Movement, Brit. i· Psycho!. Monog. ~., 1911, 1, 
pp. 1-117. 
5Adams, R., An Account of a Peculiar Optical 
Phaenomenon, in Wohlgemuth, A., ibid., p. 2. 
6oppel, J., Neue Beobachtungen und Versuche 
uoer eine !igentUmliche noch wenig bekannte 
Reaktionstatigkeit d. menschlichen Auges, Poggendorf's 
Annalen, 1856, Bd. 99, pp. 540-561, in Wohlgemuth, A., 
ibid., p. 4. -
?Mach, w., Grundlinie d. Lehre v.d. Bewegungs-
emffindungen, 1875, pp. 59-o5, in Wonlgemutb,~., 
ib a., P· 1. 
Bzehfuss, G., Uber Bewegungsnachbilder, in 
Wohlgemuth, A., ibid., pp. 9-10. 
inner light).9 
In 1905 A. v. Szily published a paper in which 
he noted that strong contours tended to inhibit the 
after-effect. He wrote: 
6 
It is well known that one is best able to view 
the after-effect of motion by transferring 
one's focus from a moving to a non-moving 
surface. It is of advantage if the latter does 
not present to the eye any particularly 
noticeable attention drawing detail. Strong 
contours inhibit the movement of the after-
effect of motion and prevent its being observed. 10 
He further stated that the most effective test 
stimulus was a dimly illuminated textured surface, 
such as a finely patterned wallpaper. 
In 1907 Cords and von Brucke attempted to 
measure the rate of the after-effect by means of a 
slowly moving test stimulus. They made the following 
observation: 
We could frequently observe that the after-
effect is strongly slowed down by clear contours 
in the test stimulus. Several times, when the 
objective movement of the graph paper test 
stimulus was too slow, we saw the fine lines 
indicating the millimeters move in the direction 
of the apparent movement, while the heavier 
lines which bordered every centimeter were 
9Helmholtz, H. v., Treatise on Physiological 
Optics. Translated from the Third-aerman Edition. 
Southall, J.P.C., Ed., Optical Society of America, 
1924, pp. 115-116. 
1°szily, A. v., ~ewegungsnachbild und Bewegungs-
kontrast. Zeitschr. fUr Psych. und Phys. ~· Sinnesorgane, 
1905, Bd. ~~ P• 110. 
displaced in the direction of the objective 
movement ••• 
7 
This circumstance, that the after-effect of 
motion moves with varying rates, depending on the 
surface on which it appears, naturally makes it 
impossible to determine uniformly valid values 
for its absolute rate. However, it is possible 
by our method to determine the rate of the after-
effect for a particular test stimulus. Our 
results, ••• then are valid only for the special 
case, that the after-effect of motion is allowed 
to pass off on the specially suitable test 
stimulus of graph paper with fine and closely 
spaced contours.ll 
Cords and von Brucke did not extend their investigation 
of this aspect of the phenomenon. 
Wohlgemuth attempted to duplicate the experiments 
of the previous investigators, and as regards A. v. 
Szily's and Cords' and von BrHcke's experiments he 
came to the opposite conclusion. He writes about 
his own experiments: 
These experiments prove beyond cavil that the 
after-effect of movement is more marked in a 
brightly illuminated objective test field 
with distinct contours than in a darker one 
with less distinct contours.~Z 
Following Wohlgemuth, little interest was shown in 
the texture components of the test stimulus. However, 
the present writer had been observing effects similar 
llcords, R. and Brucke, E. v., Uber die 
Geschwindigkeit des Bewegungsnachbildes. PflUger's Archiv. 
fur 2!! gesamte Physiologie, Bd. 119, 1907, p. 6o. 
12wohlgemuth, A., 2£• £11., p. 35. 
to those described by A. v. Szily and Cords and von 
Brucke prior to reading Wohlgemuth. Thus his attention 
was drawn to the fact that although Wohlgemuth was 
using what he considered to be a brightly illuminated 
test stimulus with clear contours, this was in the form 
of a rosette of many closely spaced arms. 13 Such a 
field does not possess clear contours in the same sense 
that a black cross or a spiral on a white field does. 
Its intricately interwoven arms make it sufficiently 
similar to a wallpaper pattern or a texture to result 
in a strong after-effect, even though it is brightly 
illuminated. Moreover, Wohlgemuth's pattern actually 
was covered by a finely ground glass, so that a fine 
texture, in addition to the many branched rosette, 
may have been present. 
2. Measurement of Rate 
--
The first to measure the effect systematically 
were Borschke and Hescheles. (1902) 14 They constructed 
an apparatus of two systems of parallel rods, one moving 
vertically, the other horizontally. Rate, spacing, 
duration of movement, and contrast with background 
13wohlgemuth, A., ibid., p. 33. 
14 , Borschke, A., and Hescheles, 1., Uber 
Bewegungsnachbilder, Zeitschr. f. Ps~chologie und 
Physiologie £• Sinnesorgane, l9U2, B • 27, pp.~7-398. 
9 
could be varied independently for each system. This 
apparatus resulted in the phenomenal experience of 
squares moving diagonally across the inspection field. 
At the close of the inspection period, the test stimulus, 
a grid of india ink lines, was quickly dropped over the 
inspection stimulus. The subject indicated the direction 
of the after-effect by setting a pointer on the apparatus. 
In general, Borschke and Hescheles found that 
the direction of the after-effect was a resultant of 
the separate after-effect generating properties of 
the two rod systems. The number of stimuli (rods) 
passing a given point in a unit of time, the duration 
of observation, and the contrast between rods and 
background were all found to be relevant variables. 
All these results were in terms of proportion and no 
rate determinations were made. 
Cords and von Brucke (1907) 15 measured the rate 
of the after-effect directly. They used a moving 
band of black and white stripes as an inspection 
stimulus. They allowed the after-effect to be viewed 
on a moving test stimulus made of finely ruled graph 
paper. The movement of this test stimulus was 
adjusted until it cancelled the apparent movement, and 
15cords, R., and Br~cke, E. v., 22• £!!., pp. 1-117. 
the rate required to achieve this was taken as the 
measure of the rate of the after-movement. 
Wohlgemuth (1911) 16 repeated the experiments of 
his predecessors. Although he criticized them for 
crudity of methods his apparatus was even less 
satisfactory. He used a rotating sector disc as 
10 
the inspection stimulus, then stopped it, and allowed 
the after-effect to be viewed on it. The subject 
then had to estimate from memory if the rotation rate 
of a second sector disc was faster or slower than 
the after-effect. He reports after-effect rates from 
0° 51' 26" to 1° 34' 39" of rotation per second. 
Johansson (1956)17 measured the rate of the 
after-effect in the peripheral visual field, using as 
inspection and test stimulus an annulus with fine 
india ink spokes. The subject had to adjust the 
movement of a response ring located immediately 
adjacent to the area of the after-effect, so that 
its rotation rate equalled that of the after-effect. 
Only the first second of the after-effect was measured, 
before it had a chance to wane. Johansson found that 
16wohlgemuth, A., 2£• cit., pp. 60-62. 
17Johansson, G., The Velocity of the Motion 
After-effect, Acta Psychologiea, 1956, ~' pp. 19-24. 
11 
under these conditions the rate of the effect remained 
remarkably constant over a wide range of inspection 
stimulus rotation rates. He reports after-effect rates 
from 1.32° to 2.17° of rotation of the response ring 
per second. 
The most recent study which has carefully 
manipulated one of the variables, speed of rotation of 
the spiral inspection stimulus, is by Singer (1959).18 
She did not obtain rate measures, but instead measured 
the change of duration and displacement of the after-
effect. (Since rate is a function of displacement over 
time, rate measures could have been obtained from her 
data.) Singer found that with ascending speed rates, a 
rotating spiral inspection stimulus gave rise to an 
after-effect which at first rapidly increased and then 
gradually decreased. This was measured both by 
duration and maximum displacement, the latter of which 
appeared to give the most stable measure. Singer 
used a test stimulus consisting of a tan textured 
circular field with a number of radii. Optimum 
rotation speed for Singer's hyperbolic spiral 
18singer, J. G., The Relationship Between Extent 
of After-effect and Speed of Rotated Spiral. 
Unpublished Ph.D. Thesis, Boston University, 1959. 
12 
inspection stimulus was between 37 and 76 rpm. Considerable 
individual differences in the effect appeared among 
Singer's four subjects. However the form of the curve 
describing the relationship between rotation rate and 
amount of after-effect remained the same. 
It is of interest to note that A. v. Szily19 denied 
that the rate of the after-effect could be measured. 
Instead he felt that the after-effect had only degrees of 
intensity. How could something which objectively did 
not move possess a velocity? 
All the above investigators used their rate 
measurements to study the characteristics of the inspect-
ion stimulus. Although Cords and von Brucke pointed the 
way, no work could be found in which the investigator 
systematically varied the characteristics of the test 
stimulus and measured the concomitant changes in rate. 
3. Recent Clinical ~ of the Effect 
The clinical use of the effect begins with Freeman 
and Josey, 20 who in 1949 published a paper which 
indicated that subjects with memory impairment had 
difficulty in perceiving the negative after-effect. 
This was followed by Standlee,21 who reported no 
l9szily, A. v., 2£· cit., p. 148. 
20Freeman, E., and Josey, w., Quantitative Visual 
Index to Memory Impairment. Arch. Neurol. Psychiat., 
1949, ~' pp. 794-796. ----
21standlee, L. s., ~· £!!., p. 317. 
13 
differentiation between normals and psychotics. Next 
came Price and Deabler,22 who reported that 92.5% of 
normals perceived the after-effect on every trial, 
while only 2% of organics did. Price and Deabler 
concluded that organic cases with cortical involvement 
could be differentiated with a high degree of certainty 
from nonorganics by means of the negative after-effect 
technique. 
The succeeding studies have reported less clear 
differentiation and have introduced increasing notes of 
caution. Some attempts have been made to better control 
the procedure by testing the subjects' visual acuity, 
holding the illumination constant, and perfecting the 
method of instructing and questioning the subject. 
A significant recent paper is one by Berger, 
Everson, Rutledge and Koskoff, 23 who measured the 
subject's visual acuity and found a significant relation-
ship between ability to see the effect and good visual 
22Price, A. c. and Deabler, H., Diagnosis of 
Organicity by means of the Spiral After-effect., 
i• Consult. Psychol., 1955, 19, pp. 299-302. 
23Berger, D., Everson, R., Rutledge, L., and 
Koskoff, Y. D., The Spiral After-effect in a 
Neurological Setting. i• Consult. Psychol., 1958, 
~~ PP• 249-255. 
acuity. Another, by London and Bryan,24 reports that with 
"structured instructionstt brain-damaged subjects could 
see the after-effect as often as normals, while with 
neutral instructions they could not. 
A complete survey of the recent clinical studies 
until 1958 is provided by Blau and Schaffer. 25 Since 
then there have been additional studies by McDonough, 26 
Philbrick, 27 Newbrough,28 Spitz and Lipman, 29 and Truss 
and Allen.3° With one exception all these investigators 
have utilized the stopped spiral as the test stimulus. 
24London, P., and Bryan, J. H., The Influence of 
Instructions on Spiral After-effect Reports. Amer. 
Psychologist, 1958, 11, p. 335. ----
25Blau, T. H., and Schaffer, R. E., The Spiral 
After-effect Test (SAET) as a Predictor of Normal and 
Abnormal Electroencephalographic Records in Children. 
i• Consult. Psychol., 1960, ~~ pp. 35-42. 
2~cDonough, J. M., Critical Flicker Frequency and 
the Spiral After-effect with Process and Reactive 
Schizophrenics. J. Consult. Psychol., 1960, ~,pp. 150-155. 
27Philbrick, E. B., The Validity of the Spiral 
After-effect as a Clinical Tool for Diagnosis of Organic 
Brain Pathology. i• Consult. Psychol. 1959, ~. pp. 39-43. 
28Newbrough, J. R., The Effect of Brain Damage upon 
Sensory After-effects. Unpublished Ph.D. Thesis, Univ. 
of Utah, 1959. 
29spitz, H. H., and Lipmann, R. s., Some Parameters 
in the Perception of the Spiral After-effect. Perceptual 
and Motor Skills, 1959, 2, p. 81. 
30Truss, c. v., and Allen. R. M., Duration of the 
Spiral After-effect in Cerebral Palsy: An Exploratory 
Study. Perceptual ~Motor Skills, 1959, 2• pp. 216-218. 
The first investigators, Freeman and Josey used a black 
circular test stimulus on a white field.31 None of the 
investigators seems to be aware that the stopped spiral 
used as a test stimulus falls in the category of stimuli 
With "well marked contours," which according to Mach,32 
Cords and v. BrUcke,33 and v. Szily,34 make it very 
difficult to see the after-effect. 
4. History £! Theory 
Previous explanations of the negative after-effect 
of motion have varied from those based on eye movements 
to those based on statistical summation theory of 
figural after-effects. 
A. Eye Movement and Eye Muscle Strain 
15 
Eye movement as an explanatory principle was first 
invoked by Purkinje (lg25).35 He believed that the effect 
was due to repeated eye movements, which were generated 
in following the inspection stimulus. When this was 
replaced by the stationary test stimulus, the eye 
31Freeman, E., and Josey, w., £E• £11., p. 794. 
3~ach, E., Grundlinie d. Lehre v.d. Bewe~ngs-
empfindungen, in Wohlgemuth, -A., .2E• c'i't., p. ~ 
33cords, R., and Brucke, E. v., 2£· £!!., p. 60. 
34szily, A. v., 2E• ~., p. 110. 
35Purkinje, J., Beobachtungen und Versuche zur 
Physiol. der Sinne, in Wohlgemuth, r.-; ~· cit.,--p:" 2. 
16 
movements were supposed to continue for a while, making 
the stationary stimulus appear to move backward. Adams 
(1834)36 attributed the effect to a similar phenomenon. 
Lotze (1852)37 felt it was due to unconscious eye move-
ments. Helmholtz (1867)38 advocated circular eye move• 
menta. Classen {1863)39 attributed the effect to the 
sense of enervation of the eye muscles - i.e. the sensing 
of eye muscle strain. He denied that it was either a 
central phenomenon, or due to eye movements. 
The simultaneous generation of after-effects in 
several directions within one eye by v. Dvorak {1870)40 
and Kleinert (1878)41 should have put an end to the eye 
36Adams, R., An Account of a Peculiar Optical 
Phenomenon, in Wohlgemuth, A., ~., p. 2. 
37Lotze, H., Medizinsche Psychologie, Leipzig, 
1852, p. 443, in Wohlgemuth, A., !§!£., P• 2. 
38Helmholtz, H. v., Handbuch der Physiol. Optik. 
1867, 1st Ed. in Wohlgemuth, A., ibid., pp. 6-7. 
39classen, A., Uber das Schlussverfahren des 
Sehaktes, Rostock, 1~ pp. 59 seq. in Wohlgemuth, A., 
ibid., p. 6. 
40nvofak, v., Versuche uoer die Nachbilder von 
Reizveraenderungen. Sitzun,sberichte d. Wiener Akademie 
~· Wissenschaften, 187o, §_, Part II,-in Wohlgemuth, A., 
ibid., p. 7. 
41Kleinert, A., Physiol. Optische Beobachtungen, 
No. 4, Uber Scheinbewegungen. Pflugers Archiv. far die 
Gesamte Physiol., 1878, Bd. !!, pp. 573-574. ------
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movement and eye muscle strain theories. However, they 
reappear much later in the work of Hunter (1914),42 who 
at first considered mutually antagonistic eye muscle 
strains as one important determiner of the phenomenon, 
and also in the work of Gates (1934),43 who attributed 
the effect to changes in tonus of the external and 
internal eye muscles mediating convergence and 
accomodation. 
B. Neural Theories and After-images 
Some sort of neural phenomenon, located in the 
retina or more centrally, has been advocated by some 
investigators. The phenomenon has also been considered 
analogous to colored after-images. 
Thompson (1877)44 at first attributed the effect 
to a "secondary wave of nervous disturbances propagated 
in an opposite direction to that of the primary 
movements." He later abandoned this stand for a theory 
of retinal fatigue and a system of laws of subjective 
complementary motion. Aitken (1878) 45 believed it 
42Hunter, w. s., The After-effect of Visual Motion, 
Psych. Review, 1914, £!, p. 245. 
43Gates, L. w., The After-effect of Visually 
Observed Movement, Amer. ~· Psychol., 1934, ~. pp. 34-46. 
44Thompson, s., Optical Illusions of Motion, Brain, 
1880, Vol. III• pp. 289-298, in Wohlgemuth, A., 22• cit., 
P• 8. 
45Aitken, J., On a New Variety of Ocular Spectrum, 
Proc. faY~ Soc. Edinb., 1878, 1Q, pp. 40-44, in Wohlgemuth, 
r.-;-ib • , p:-8. 
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to be a central phenomenon. 
Maller (1840) 46 had attributed the effect to 
sequentially disappearing after-images. Oppel (1856)47 
also thought that an after-image phenomenon was 
involved. He believed it to be central. v. Dvorak 
(1870)48 felt that the after-effect was of retinal 
origin, and analogous to the complementary after-
images of color. Mach (1875)49 held a similar view. 
Bowditch and Hall (1881) 50 believed the phenomenon 
to be central in origin, and that through it they 
were approaching the guale of pure sensation. 
Tschermak (1881) attributed the effect to an 
after-image phenomenon: 
The movement of the image on the retina 
occasions an irregularity in the excitation at 
the anterior and posterior borders of the image. 
This irregularity causes a difference in the 
phases of the after-image. Anteriorly, the 
4~Uller, J., Handbuch d. Ph~siol. d. Menschen, 
Bd. ~' p. 365, Coblenz, 184o; inohlgemuth, A., 
ibid., p. 2. 
47oppel, J., Neue Beobachtungeo und Versuche ••• , 
in Wohlgemuth, A.,~., p. 5. 
48nvorak, v., Versuche uber die Nachbilder von 
Reizveranderungen, in Wohlgemuth, A., ibid., p. 7. 
49Mach, E., Grundlinie d. Lehre !•d• Bewegungs-
empfindungen, in Wohlgemuth, I., ibid., p. 7. 
50 1 Bowditch, H. P., and Hal , G. S., Optical 
Illusions of Motion, l• Physiol., l, 1882, pp. 297-307. 
positive after-image and contrast predominate; 
posteriorly, the negative after-image and 
similar co1or induction. In consequence of 
this irregularity the induction wave can only 
move backwards, and this wave we can project 
into the visual field as a movement in the 
opposite direction.51 
Although stated in different terms, Tschermak's 
explanation has common elements \'d th later attempts 
to explain the effect by satiation and statistical 
summation theories. 
Exner(l888) 52 believed that perceived motion 
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was a primary sensory datum. For him the negative 
after-effect was central in origin, and he postulated 
complex neural interconnections to account for it. 
A. v. Szily (1905)53 also attributed the effect to a 
central process, but did not elaborate his views. 
Wohlgemuth (1911)54 followed Exner in postulating a 
5lTschermak, A., Zur Physiologie des Gesichtsorgans. 
Das Plateau - Oppelsche Phaenomen und sein Platz in 
der Reihe der gleichartigen Erscheinungen, Militar -
Medizinisches Journal, June, July, 1881, in Wohlgemuth, 
A., .2£• £!.!•, p. 11 •. 
52Exner, S., Einige Beobachtungen uber 
Bewegungsnachbilder, Zentralblatt fUr Physiologie, 
1888, p. 135, in Wohlgemuth, A., ibid., pp. 14-17. 
53szily, A. v., 2£• cit., p. 152. 
54wohlgemuth, A., 2£· £!!., p. 100. 
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cortical movement center, which mediates the effect 
via the differentially lowered resistances of different 
neurons. 
Hunter (1915)55 attributed the effect to the 
streaming phenomenon visible when the after-effect is 
viewed on a homogeneous test field. He was not certain 
whether this was a streaming of lymph, or an electrical 
phenomenon. In the former view he had been preceded 
by Zehfuss (1880)56 who in an analogous way thought 
that the after-effect was due to a backflow of blood 
in the retinal vessels, which had become dammed up 
during the inspection period. 
Another early theoretical formulation is that 
of Stern (1894).57 Stern had obtained a positive 
after-effect of motion when looking at trees and 
chimney tops from a railway carriage window. This 
positive after-effect was very brief, and was followed 
by the usual negative after-effect. Wohlgemuth writes 
55Hunter, w. s., Retinal Factors in Visual 
After-movement, Psychol. Rev., 1915, ~' pp. 487-489. 
56zehfuss, G., Uber Bewegungsnachbilder, in 
Wohlgemuth, A., ££• £!1., pp. 9-10. 
57stern, L. w., Die Wahrnehmung von Bewegung 
vermittelst des Auges, Zeitschr. fUr Pjlbh. und Phys. 
d. Sinnesorgane, 1894, Bd. 7, pp.~l- , in--
Wohlgemuth, I., ~.,pp. 1!-19. 
about Stern: 
The after movement in the same direction 
Stern regards as nothing else but the 
after-image streak in its purest form, 
therefore confirming the view of the 
"negative after-image of motion." Just as 
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the rock behind the waterfall seems to move 
upwards, so, behind the veil of fading after-
images, objects appear to move in the opposite 
direction. The fact that movement in the 
opposite direction can be discovered in the 
subjective field, i.e. with closed eyes, does 
not appear at first in accordance with this 
view. However, here the entoptic vision~ 
take the place of the exterior objects.58 
This view makes the negative after-effect a 
case of "induced movement," a phenomenon investigated 
later by Dunker.59 
c. Satiation and Statistical Summation Theories 
The most recent theories used to explain the 
negative after-effect of motion are an extension of 
Kohler and Wallach's60 satiation theory by Spitz,6l 
5Bwohlgemuth, A., ibid., p. 19. 
59ounker, 
Forsch., 1929, 
6~ohler, 
pp. 269-357. 
.. 
K., Uber induzierte Bewegung., Pszch. 
12, pp. 180-259. 
w., and Wallach, H., ££• ~., 
6lgpitz, H. H., Neural Satiation in the Spiral 
After-effect and Similar Movement After-effects, 
Percept. ~· Skills, 1958, &, pp. 207-213. 
and extensions of Osgood and Heyer's62 statistical 
summation theory by Singer63 and by George. 64 
1.) Satiation Theory 
22 
KOhler and Wallach65 consider the central visual 
system to be a "quasihomogeneous volume" of tissue 
through which electric currents flow. This flow occurs 
across assumed cortical excitation gradients which 
are considered to be isomorphic correlates of 
stimulus contours. With continued cortical current 
flow a gradually increasing impedance is postulated, 
which displaces cortical currents from succeeding 
stimulations into neighboring cortical regions. 
This displacement is thought to result in the 
phenomenal displacements characteristic of figural 
after-effect. 
Spitz extends the above theory as follows: 
••• Imagine that one is fixating upon a 
steady series of lines going from left to 
62osgood, c., and Heyer, A. Jr., A New 
Interpretation of Figural Aftereffects, Psychol. 
Rev., 1952, 22, pp. 98-118. 
63singer, J. G., ££• £!!., pp. 71-77. 
64George, F. H., On the Theory of Figural 
After-effect, Canad. J. Psych., 1953, 7, pp. 167-171. 
65 , . 3 Kohler, W. and Wallach, H., 2£• ~., pp. 15-327. 
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right. No matter where the lines are when they are 
first perceived, in those adjacent nerve fibers 
which occupy the area between the lines, the 
fibers on the left are always stimulated first. 
The "left sided" fibers are always one step 
ahead of adjacent "right sided" fibers. It is 
known from studies of stationary visual figural 
after-effects that after a removal of the 
inspection figure there is a recovery period 
during which the altered brain medium 
presumably regains permeability. In the present 
example, during the recovery period the "left 
sided" fibers will still be one stage ahead of 
their adjacent "right sided" neighbors. 
This means that until there is complete 
recovery the "right sided" members will 
always be in a state of greater impedance, 
and therefore perceived stimuli will flow 
~o the lefg6 away from these areas of 1mpedance. 
This theory was criticized by Deutsch,67 who 
pointed out that, although the "right sided" fibers 
following a particular cortical contour are always 
in a greater state of impedance, and thus more 
satiated than the "left sided" fibers, they are 
immediately adjacent to the most "left sided", 
least satiated fibers of the preceding group. If, 
as Spitz states, perceived stimuli flow from areas 
of high cortical impedance to areas of low cortical 
66 Spitz, H. H., 2£• £!!., p. 209. 
67neutsch, J. A., The K~hler-Wallach Theory and 
the After-effect of Seen Movement, Percept. M2!• 
Skills, 1959, 2, pp. 393-39~. 
24 
impedance, then his formulation can be expected to 
result in positive rather than negative after-movement. 
2.) Statistical Summation Theory 
Osgood and Heyer attempted to translate satiation 
theory into a form more compatible with the known 
properties of the nervous system. They based their 
theory on the work of Marshall and Talbot,68 who 
found evidence for vertical and lateral summation of 
cortical excitation. Osgood and Heyer's basic 
assumption is that a stimulus contour is represented 
in the projection cortex by a normal distribution of 
cortical excitation which is symmetrical about its 
own axis transversely, and which extends as a "ridge" 
throughout the length of the cortical contour. 
Osgood and Heyer make the following additional 
assumptions: 
1. Cortical contours are thought to result 
primarily from the activity of on-off fibers and 
their cortical projections. 
2. The rate of neural firing at any given cortical 
point varies both with the nearness to the peak of 
6~arshall, W. H., and Talbot, S. A., Recent 
Evidence for Neural Mechanisms in Vision Leading to a 
General Theory of Sensory Acuity, In H. KlUver, (Ed.), 
Visual Mechanisms, Biol. Sympos., 1942, 7, pp. 117-164. 
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a cortical contour and with the sharpness or intensity 
difference of the stimulus contour and its cortical 
correlate. 
3. Under conditions of constant fixation, the cells 
in the visual cortex mediating the on-off activity will 
become differentially adapted as negatively accelerated 
functions of (a) the rate of their excitation and (b) 
the time through which they are excited. 
4. After inspection of a stimulus contour ceases, 
these cortical adaption gradients will gradually 
become flattened. 
5. The apparent localization of a phenomenal contour 
in subjective space coincides with the location of 
maximal excitation in the visual cortex. 
On the basis of these assumptions, Osgood and 
Heyer explain the apparent shifting of the Test 
Figure (T) after observation of the Inspection Figure 
(I) as follows. (See Figure 1.) 
The presentation of the inspection stimulus 
contour (I) results in the hypothetical distribution 
of excitation in the visual cortex shown by curve Ia• 
After the inspection stimulus contour is removed, but 
before the test stimulus contour (T) can be presented, 
differential recovery flattens this curve to the form 
Figure 1 
Theoretical Diagram of Figural After-effect 
(After Osgood and Heyer) 
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Ib· When the test stimulus contour (T) is now presented 
somewhat to one side of the previously observed inspection 
stimulus contour (I), the curve Tb results, rather than 
the bilaterally symmetrical curve Ta, which would have 
been the result if the prior inspection stimulus contour 
had not been present. Because apparent localization 
is assumed to coincide with maximum excitation, the 
phenomenal locus ofT is shifted to T1. 69 
This theory is extended by Singer to include the 
negative after-effect of motion. She makes an additional 
series of assumptions. The most important are these: 
1. For any given series of cortical points the 
pattern of stimulation from a moving spiral arm 
at any given time is represented by an asymmetrical 
gradient of excitation which slopes upward in 
the direction of the leading edge. The slope 
represents the relative recovery of these 
cortical points. 
2. In the static figural after-effect the test 
figure is displaced and eventually appears normal. 
It is assumed that movement has actually occurred 
from the displaced position to the normal position 
but is not reported as movement occurs slowly. In 
the spiral situation it is assumed the whole 70 process is speeded up so that movement is perceived. 
On the basis of Osgood and Heyer's and her own 
additional assumptions, Singer explains the apparent 
movement of the Test Stimulus (T) after observation 
69osgood, c., and Heyer, A. Jr., ££• cit., pp. 102-105. 
70singer, J. G., 2E• £!!., pp. 71-73. 
of the moving Inspection Stimulus (I). (See Figure 2.} 
The I curve represents the flattened 
distribution due to recovery before the T 
contour is presented, and the parallel initial 
adaptation curve is omitted which would be 
displaced vertically. Ta represents the 
resultant curve. Since apparent localization 
coincides with the point of maximal excitation, 
in this case c, the test figure is displaced 
from A, ••• and appears to expand as C returns 
to A as the adaptation recovers.71 
A similar theory was proposed by George.72 
He assumes that an advancing visual contour generates 
an asymmetrical adaptation gradient about its correlate 
in the cortex. The point of maximal adaptation will be 
just ahead of the advancing contour correlate, while 
the point of minimal adaptation will be just behind it. 
Summation of the asymmetrical gradient left by the 
advancing contour correlate with the symmetrical 
adaptation gradient generated by the stationary test 
stimulus will result in phenomenal displacement in 
the negative direction. 
All the above theories attempt to account for the 
effect as such, with particular emphasis on its 
negative direction. None of them deal with the rate 
of the after-effect as a function of the characteristics 
of the test field. 
7lsinger, J. G., ibid., p. 73. 
72aeorge, F. H., 2£• cit., p. 169. 
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Figure 2 
Theoretical Diagram of Spiral After-effect 
(After Singer) 
CHAPTER III 
THEORY OF RATE 
None of the theories previously described deal 
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in any way with the test stimulus as a significant 
parameter of the negative after-effect. The statements 
f M h 1 s '1 2 d c d d .• 3 o ac , v. z1 y, an or s an von Brucke 
point to the role of the test stimulus as a determinant 
of rate. However, these statements about the role of 
the test stimulus appear never to have been followed 
up. All these observations indicate that the after-
effect is in some way a function of the contours of 
the test stimulus. 
The present study is based on a theory derived 
from contour for~ng processes described by Osgood,4 
and on the streaming phenomenon described by Hunter5 
and v. Szily.6 It takes the movement phenomenon 
lMach, E., Grundlinie d. Lehre v.d. Bewegungs-
empfindungen, pp. 59-65, in-Wohlgemuth~ A., £E• £11., p. 7. 
2szily, A. v., 2£· £!!., p. 147. 
3cords, R., and Brucke, E. v., 2£• cit., p. 60. 
4osgood, c. E., Method and Theory in Ex~erimental 
Psychology, Oxford, New York~953, pp.~29- 32. 
5Hunter, w. s., Retinal Factors in Visual After-
Movement, Psychol. Rev., 1915, ~' p. 479. 
6szily, A. v., 2£• cit., pp. 111-112. 
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as a given. It makes no prediction about the perceived 
direction of the after-effect, but is concerned only 
with rate. It will be shown to be compatible with 
the explanations of the effect based on satiation 
theory and statistical summation theory. 
The general hypothesis will be: The perceived 
rate of movement of the after-effect of motion is a 
function of the coarseness of the texture of the 
test stimulus. As coarseness increases rate decreases. 
A basic assumption for this theory will be the 
existence of cortical contours, as neural correlates 
of physical and phenomenal contours. These may be 
considered analogous to areas of increased impedance, 
as in satiation theory or as "ridges" of maximal 
cortical excitation, as in statistical summation theory. 
For this theory the cortical correlates of 
stimulus contours are assumed to be dynamic processes 
which can divert, inhibit, interact with or summate 
with the cortical correlates of other stimulus contours. 
Both Hunter? and v. Szily8 described the 
?Hunter, W. S., loc. ill• 
8szily, A. v., loc. cit. 
--
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negative after-effect, when it is perceived in the 
totally darkened field of vision, or on a completely 
homogeneous textureless test surface, as a rapid 
veil-like or dust-like streaming. As the test 
surface becomes less homogeneous and endowed with 
contours, the rapid streaming is no longer visible, 
and instead the surface appears to participate in a 
slower apparent movement. 
When the subject perceives the after-effect in 
the totally dark visual field, he must be experiencing 
excitation arising in his own nervous system. This 
must involve some continued activity of neural 
elements that were activated by the previous inspection 
stimulus. As long as the visual field remains totally 
dark, and no new stimuli are allowed to act from 
outside, the experienced after-effect will be based 
only on this internal excitation. It runs its course, 
and is seen by most subjects as a rapid streaming. 
If the subject perceives the after-effect in an 
illuminated visual field with objective content, the 
areas of his nervous system in which the after-
excitation is taking place will simultaneously be 
excited by this second stimulus from the visual field. 
If an interaction between these two excitations is 
hypothesized to occur in the nervous system, it can 
be utilized to predict the relationship of test 
stimulus characteristics and rate of the perceived 
after-effect. 
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From the experience of most observers, it appears 
that the interaction of the neural after-excitation 
and the second excitation arising from the external 
source of stimulation from the test field results in 
the experience of phenomenal movement in the visual 
field, and a slowing of the rate of the after-effect 
as compared to that perceived in the totally dark 
field. The rate of the perceived movement varies, 
depending on the characteristics of the test stimulus. 
In this study it is hypothesized that an 
important variable in the test stimulus field which 
affects the interaction between the after-excitation 
of the inspection stimulus and the excitation from 
the test stimulus is contour. This can be defined 
as a physical energy gradient. 
Osgood makes the following statements about contour: 
A. Contour formation is fundamental to all 
perceptual activity. Forms, objects, "things" 
in the visual field exist only to the extent 
that there are energy differentials Qf 
sufficient abruptness in the medium.~ 
9osgood, c. E.,~·~., p. 232. 
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B. Contours arise from intensity differences 
in the objective field, these being 
represented neurologically by gradients of 
impulse rate10n the fine mosaic of cells in area 17. 
11 Drawing upon the work of Bartley, and Fry and 
Bartley,12 he makes three generalizations about 
contour formation. 
1. Formed contours exert an inhibitory 
influence upon similar processes in their 
immediate surround. 
2. Contours prevent activity from spreading 
within the visual system. 
3. The existence of common contours, about 
or connecting, regions of the visual field 
serves to equate processes within them.l3 
It should be noted that these generalizations 
are based upon perceptual phenomena. At the same time 
cortical contours are assumed in this study as neural 
correlates of physical and phenomenal contours. In 
addition it is assumed that spread of activity is the 
cortical correlate of movement. 
10 Osgood, c. E.,~., p. 229. 
11Bartley, s. H., Vision, Van Nostrand, 
New York, 1941, pp. 229-235. 
12 Fry, G. A., and Bartley, S. H., The Effect of 
One Border in the Visual Field upon the Threshold 
of Another, Amer. J. Physiol., 1935, 112, pp. 414-421. 
13osgood, c. E., !E• ~., p. 230. 
Within the framework given above, it becomes 
possible to analyze the characteristics of the test 
stimulus and to predict the rate of the perceived 
after-effect. 
If a test stimulus has closely spaced physical 
contours, such as a fine texture or graph paper, 
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it can be assumed that each corresponding cortical 
contour is closely adjacent to each neighboring 
contour. Under these conditions each cortical contour 
will maximally inhibit the formation of each 
neighboring cortical contour. (From generalization 1.) 
Thus none of the cortical contours will be as firmly 
established as they would be if they were farther 
apart. Generalization 2 states that cortical contours 
prevent nervous activity from spreading in the visual 
system. It is assumed that less firmly established 
cortical contours would be less stable and would offer 
less resistance to the spread of activity than would 
more firmly established ones. 
If during the time that a subject is still 
experiencing the after-effect resulting from the 
after-excitation within his own nervous system, he 
is stimulated by a coarse textured test stimulus, 
the cortical counterpart of the test stimulus will 
interact with the continued neural after-excitation. 
Because of its relatively high stability and high 
resistance to the spread of activity it will inhibit 
the neural after-excitation to a relatively high 
degree. The prediction under this condition will be 
a low phenomenal rate of the after-effect. 
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In terms of Spitz's16 extension of satiation 
theory, the cortical correlates of the contours of the 
test stimulus can be considered as areas or "ridges" 
of increased impedance, which retard the flow of 
perceived stimuli. Coarse textures would be charact-
erized by widely spaced cortical contours, each having 
a region of relatively high impedance associated with 
it. Regions of high impedance would be expected to 
retard the flow of perceived stimuli to a high degree, 
so that the phenomenal rate of the after-effect would 
be low. Fine textures would be characterized by 
closely spaced cortical contours, each having a region 
of relatively low impedance associated with it. (The 
condition of low impedance would be postulated to exist 
because of greater lateral inhibition of closely spaced 
14spitz, H. H., ££• £11., pp. 208-210. 
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contours by each other.) Regions of low impedance would 
be expected to retard the flow of perceived stimuli 
to a limited degree, so that the phenomenal rate of 
the after-effect would be high. 
In terms of other theories, whether based on 
statistical summation, or on after-image phenomena, 
a similar hypothesis would be invoked. In each case 
cortical correlates of coarse textures, with their 
widely spaced stable contours are assumed to exert 
a strong retarding influence on the phenomenal 
flow of the after-effect. Cortical correlates of 
fine textures, with their closely spaced, less stable 
contours are assumed to exert a weak retarding 
influence. 
1. Apparatus 
CHAPTER IV 
APPARATUS AND METHOD 
The inspection stimulus and the test stimulus 
were presented to the subject in an apparatus similar 
to that used by Singer. 1 It consisted of a modified 
tachistoscope, a continuous strip recorder, and a 
projector with a diaphragm located in the film plane. 
The diaphragm was actuated by the subject through 
a coupled vernier. The subject viewed the stimuli 
through a slit in the front of the apparatus. The 
inspection stimulus was reflected in a two way mirror. 
The test stimulus was viewed through the mirror, after 
the illumination was changed. The test stimulus was a 
circular patch of texture, suspended on a screen at 
the rear of the apparatus. It was illuminated by the 
above mentioned projector. 
The subject indicated the rate of the after-
effect behaviorally by the rate with which he closed 
the diaphragm to equal the rate of the after-effect. 
This rate was recorded in graphic form by the 
1singer, J. G., ££• £11., pp. 37-39. 
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recording device. The apparatus is shown in Figure 3. 
A. Tachistoscope 
The tachistoscope was el-shaped. The longer 
leg, with a 5 x 2 3/4 inch viewing slit in front, 
was 33 1/2 inches long. The shorter leg, which 
contained the inspection stimulus, was 18 1/2 inches 
long. Located at the juncture of the legs of the 
tachistoscope was a two way vision mirror, placed 
at an angle of 45°, to allow the subject to view 
the reflected inspection stimulus field. This mirror 
was a sheet of Libby Owens Ford Mirropane wit~ a 
light transmission of 8 percent and a reflectivity 
of 50 percent. 
The inspection stimulus was thus seen at a 
distance of 52 inches from the observer. It 
subtended a visual angle of about 6°. The 
inspection stimulus was rotated by a synchronous 
phonograph motor at 78 rpm. 
In the short leg of the tachistoscope were 
located two 45 watt showcase lamps, which illuminated 
the inspection stimulus. These were shielded from the 
direct vision of the observer by suitable reflectors. 
The back of the tachistoscope was open to allow 
• 
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Figure 3 
Diagram of the Experimental Apparatus 
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CRANK 
the subject to view the test stimulus through the 
two way vision mirror. The test stimulus, a 
circular patch of texture, was presented on a white 
screen 76 inches from the observer. The test 
stimulus was 8 inches in diameter, and subtended a 
visual angle of about 6°. 
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Both the inspection and test stimulus were fitted 
with a red fixation point in the center. The apparatus 
was arranged so that the two fixation points appeared 
exactly superimposed. 
A headrest and an adjustable seat were provided 
for the subject. The entire apparatus was painted 
flat black on the inside. 
B. Response Mechanism 
The response mechanism consisted of a 150 watt 
slide projector fitted with a camera diaphragm in the 
film plane. At maximum aperture, this projected an 
8 inch circle of light on the test stimulus sereen. 
This was the illumination for the test stimulus. The 
actuating lever of the diaphragm was coupled to a 
vernier located on the front of the apparatus under the 
viewing slit. This vernier was equipped with a crank 
handle, to allow the subject to actuate the diaphragm 
in a continuous smooth motion. About 1 1/2 turns of 
this crank moved the diaphragm from maximum to 
minimum aperture. At minimum aperture a one inch 
diameter circle of light was visible on the test 
stimulus screen. A ten leaf diaphragm was used, so 
that the opening would remain nearly circular 
throughout its range. 
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Preliminary trials with this apparatus indicated 
that it was difficult for the subject to perceive the 
after-effect unless the surround of the test stimulus 
was visible. In order to achieve this a 25 watt bulb 
located in front of the projector provided a dim 
illumination for the test stimulus screen. In addition 
the test stimulus wa,s surrounded by a grid of black 
1/16 inch wide horizontal and vertical lines, spaced at 
1 1/8 inch intervals. This grid was drawn on the screen. 
It provided a frame of reference for the after-effect. 
This reference field was illuminated only while the 
subject viewed the test stimulus. 
c. Recording Mechanism 
The response mechanism was coupled to a strip 
recorder through a system of levers. A ~ristol 
synchronous motor drove a 3 1/2 inch wide paper tape 
along a metal tray at 104 mm. per minute. A K & E 
Leroy lettering pen with reservoir completed this 
mechanism. 
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This recording device was tested for linearity of 
mechanical connection between the pen and the projected 
diaphragm edge. The results are presented in Figure 4. 
Since the results are nearly linear, no corrections 
were made. Each centimeter of displacement of the 
projected diaphragm edge along the radius of the test 
stimulus resulted in a pen displacement on the 
recording paper of .72 centimeter. 
A double pole switch was connected in the circuit 
so that in one position the inspection stimulus drive 
and illumination were turned on. Throwing the switch 
into the other position turned the inspection stimulus 
drive and illumination off, and turned on the projector, 
test field reference frame illumination and strip chart. 
D. Timing and Room Illumination 
Timing was by stop watch. The room was kept in 
darkness during the trials, except for a 7 1/2 watt 
light required for the experimenter. During rest 
pauses the room illumination was turned on. 
E. Inspection Stimulus 
The inspection stimulus was an Archimedian spiral, 
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5 1/2 inches in diameter, with 3 black 3/16 inch 
Wide arms on a white background. The white spaces 
between the arms were also 3/16 inch wide. Each arm 
made 2 1/2 turns about the center. A red fixation 
point was placed in the center of the spiral. Rotation 
was in a counter clockwise direction. The parameters 
of this inspection stimulus were kept constant through-
out the experiment. 
This inspection stimulus was used because prelim-
inary tests showed that with the visual distances in 
this apparatus, at a rotation of 78 rpm, it gave a 
strong after-effect after 30 seconds of observation. 
The phenomenal experience after fixating this 
inspection stimulus for 30 seconds is the negative 
after-movement. If the spiral rotates with the arms 
sweeping outward, the after-effect is contraction. If 
the arms sweep inward, it is expansion. 
When fixation is changed from the center of the 
inspection to the center of the test stimulus, the 
subject experiences a uniform flow of the test stimulus 
surface. This will be inward or outward, depending 
on the direction of rotation of the inspection stimulus. 
This flowing movement may be accompanied by an apparent 
receding or approaching of the surface, depending again 
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on the direction of rotation of the inspection stimulus. 
The ending of the apparent movement is gradual, so that 
the subject usually is not certain exactly when it has 
stopped. 
F. Test Stimulus (Independent Variable) 
The test stimulus (the independent variable of 
this study) was generated by a method based on that 
2 described by Aschenbrenner. Aschenbrenner scattered 
a mixture of small black and white paper discs over a 
surface until it was completely covered. In this way 
he controlled the ratio of black to white elements, 
and insured their random arrangement. He then varied 
the coarseness of this texture by photographing it at 
various magnifications. 
In this study a mixture of black and white roofing 
granules was substituted for the paper discs used by 
Aschenbrenner. The granules of this mixture are much 
smaller than paper discs, and allow much coarser 
textures to be generated conveniently. 
The granules were sifted through window screen, to 
obtain a uniform size and to eliminate small particles 
2Aschenbrenner, c. M., Problems in Getting 
Information Into and Out of Air Photographs, 
Photogrammetric Engineering, 1954, ~' p. 3. 
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and dust. A mixture of one half white and one half 
black granules by volume was then prepared. This mixture 
was evenly spread over a 45 inch diameter circle. Care 
was taken to see that the background was totally 
covered by a 1/4 inch layer of granules. This surface 
was then photographed and prints were made on high 
contrast paper. These ranged in size from a magnification 
of 2 to a reduction of about 1/5 the original size. 
The exact sizes were as follows: 
Texture 
1 
2 
3 
4 
5 
6 
1 inch in original equals: 
50 mm. 
39 mm. 
28 mm. 
20 mm. 
10 mm. 
5 mm. 
These prints were mounted on 8 inch diameter cardboard 
discs, which could be placed on the test stimulus 
screen at the end of the apparatus. 
G. Illumination 
The brightness of the inspection stimulus and of 
each of the six test stimuli was measured with a 
Macbeth illuminometer. Readings were taken from the 
point at which the subject's eyes would be held by 
the headrest. 
The brightness of the spiral was 21.8 apparent 
foot candles. The brightness of the test stimuli 
was 3.2, 3.0, 3.2, 4.0, 4.3 and 4.3 apparent foot 
candles respectively, ranging from the coarsest to 
the finest test stimulus. The light source was held 
constant throughout. The differences in brightness were 
due to slight differences in the reflecting properties 
of the test stimuli. 
No attempt was made to equalize the inspection 
stimulus and test stimulus illumination. v. Szil~ 
indicates that the best conditions for the after-effect 
include a brightly illuminated inspection stimulus 
and a dimly illuminated test stimulus. 
2. Method 
This experiment used the after-effect of contraction. 
Preliminary trials disclosed that it was easiest for 
the subject to close the diaphragm along with the 
apparent movement - to pace it. This was particularly 
true in the case of fine textures, which appeared to 
move most rapidly. In this respect the present method 
differed from that used by Singer. She utilized the 
after-effect of expansion. Her subjects were instructed 
to reduce the size of the test patch by moving the 
diaphragm to counteract the expansion.4 
3szily, A. v., 2£• £11., pp. 110-147. 
4singer, J. G., 2£• ~., p. 42. 
In this experiment it was found that when the 
direction of the apparent movement and of the 
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response coincided, the subject was able to follow 
the movement with a smooth response motion. If 
apparent motion and response were opposed, the subject 
tended to make interrupted movements, and to complain 
of the greater difficulty of the task. Expansion 
could not be used in this experiment if the after-
effect and the response direction were to coincide 
as the initial position of the diaphragm would have 
to be fully closed. This would obliterate the test 
stimulus. Therefore, in this experiment the subject 
closed the diaphragm along with the apparent movement. 
A. Subjects 
Three male and three female subjects were used in 
the experiment. They ranged in age from lS to 32 
years. Three were psychology graduate students; three 
were undergraduates. Of the latter group, two were 
French majors, and one was a Junior College student. 
One subject was familiar with this phenomenon, and 
two others had heard of it, but only to the extent 
that they knew some kind of movement occurred. 
subjects were unfamiliar with the phenomenon. 
Three 
The 
characteristics of the subjects are indicated in Table 1. 
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TABLE 1 
CHARACTERISTICS OF SUBJECTS 
Subject Age Sex Student Familiarity Visual Time of 
Status with effect Acuitz Dai Tested 
1 24 F Psych. Grad. High 20/20 9:30 am 
2 31 M Psych.Grad. Some 20/20 11:30 am 
3 21 F French U.G. None 20/20 8:00 am 
4 18 M Jr.Col1ege None 20/20 9:30 am 
5 27 M Psych. Grad. Some 20/20* 8:00am 
6 19 F French U.G. None 20/20 11:00 am 
*with glasses 
Subject 5 wore his glasses at all times during the 
experiment. Each subject was seen at the same time 
each day. Each subject was paid five dollars upon 
completion of the series. 
B. Training and Instructions 
Each subject was seen during the week prior to 
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the experiment and was familiarized with the experimental 
situation. He was told that this was an experiment on 
vision, and that the experimenter was interested in 
finding out how different people see this phenomenon. 
He was allowed to operate the response mechanism, in 
order to familiarize himself with the relationship 
of the crank and the diaphragm. The instructions were 
then read to him: 
You will view a rotating spiral for a period of 
time. When it disappears you will see a grainy 
surface, with a fixation point in the middle. 
This surface will appear to move. In front of 
you there is a crank which you can turn to move 
the edge surrounding the grainy surface. I want 
you to follow the movement of the surface with the 
movement of the edge. Continue moving the crank 
until the surface no longer moves. I will give 
you a ready signal each time before the grainy 
surface appears. Be sure to always fixate the 
center of the rotating spiral and of the grainy 
surface. 
After the surface has stopped to move, lean 
back and return the crank to its original starting 
position. After a short rest I will give you a 
ready signal, and you will again begin viewing 
the spiral. 
Be sure to maintain fixation at the center of 
both the spiral and the grainy surface. 
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A regular experimental session was then run off. 
The six test stimuli were presented in random order. 
Inspection was 30 seconds, followed by the after-effect, 
followed by a 30 second rest. At the end of each 
group of six test stimuli, a 3 minute rest pause was 
provided. During the 30 second rests, the test stimuli 
were removed from the apparatus so that only the screen 
at the back of the apparatus was visible. During the 
3 minute rest the procedure was similar, except 
that in addition the room illumination was turned on. 
Several subjects at first complained that they 
found the task difficult. They were encouraged with 
this statement: "You're doing fine. It simply takes 
everyone a little while to get used to the apparatus." 
If they appeared to have difficulty with the instructions 
the additional statement was made: "I want you to 
equal the movement with the edge of the black circle." 
By the end of the training session all subjects were 
able to satisfactorily operate the apparatus. 
c. Order of Presentation 
The actual experimental sessions were approximately 
35 minutes long. As indicated above, the six test 
stimuli were presented in random order, followed by 
a three minute rest. The procedure was then repeated 
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two more times on each experimental day. Each 
presentation of the six test stimuli constituted one 
replication of the experiment. During the five days, 
each subject responded to each test stimulus 15 times. 
Just before the test stimulus was switched on, the 
verbal signal "ready" was given. The subject returned 
the diaphr~gm to the original position before each trial. 
D. Recording of Data 
The data were recorded on the strip chart in 
graphic form. After each experimental session the 
results were converted to numerical form by measuring 
the displacement of the pen in millimeters over 10 
seconds. {A 10 second interval was chosen because for 
most subjects this was a point near the middle of the 
after-effect, before the curve became horizontal from 
the waning of the effect.) This was the indicator of 
rate. The total displacement of the pen during each 
trial was also measured in millimeters. This was the 
indicator of magnitude of the effect. 
One subject had very brief after-effects. For 
this subject the rate measures were taken after six 
seconds of the after-effect had elapsed. 
E. Method of Analysis 
The data obtained from each subject were considered 
a replication of the experiment. For each subject 
there were 90 rate measurements, or 15 for each texture. 
Magnitude was also measured, and provided 90 
additional measurements for each subject, or 15 for 
each texture. 
The results for rate were analyzed separately 
for each subject. A three classification analysis of 
variance was used.5 In addition an average rate score 
for each texture was computed for every subject, and 
the results were presented in graphic form. 
The results for magnitude also were analyzed 
separately for each subject. A three classification 
analysis of variance was used. In addition an 
average magnitude score for each texture was computed 
for every subject, and the results were presented in 
graphic form. 
Swert, J. E., Neidt, c. 0., and Ahmann, J. S., 
Statistical Methods in Educational and Psycholo~ical 
Research, Appleton-Century-Crofts, New York, 19 4, 
pp. 199-201. 
CHAPTER V 
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The raw data for each subject consisted of a 
series of 90 curves. A sample of these curves for each 
subject is shown in Figure 5. From these curves 90 
rate measurements were taken for each subject, or 15 
for each texture. When inspection of the data indicated 
that the magnitude of the after-effect as measured by 
the total displacement of the response diaphragm also 
varied with the change in coarseness of texture, 90 
magnitude measurements were taken for each subject, in 
addition to the rate measurements. 
1. Analysis of ~ 
For each subject an average rate score was 
computed for each texture. A graphic presentation of 
the results for all subjects is shown in Figure 6. 
The numerical results are shown in Table 16 in the 
Appendix. 
Inspection of Figure 6 indicates that for all 
six subjects the rate of the negative after-effect of 
motion is a function of the coarseness of texture. 
As the coarseness of texture decreases, the rate of 
the after-effect increases. The average rate of the 
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after-effect varies for each subject, resulting in the 
vertical displacement of the curves. In each case the 
curve is a positively accelerated function which can be 
expressed by the equation x = yn+ k. The specific 
parameters were not calculated because only 6 points 
were available for each curve. 
The results were treated as a three classification 
analysis of variance. 1 In terms of the statistical 
test used the experimental hypothesis for rate is 
stated as follows: 
Null Hypothesis (H0 ): 
The rate of the negative after-effect of motion 
will not change with a change of coarseness of texture 
of the test stimulus. The regression of the means will 
be linear and of zero slope. 
Alternate Hypothesis (H1 ): 
The after-effect will increase in rate with 
decrease of coarseness of texture. The regression of 
the means will be of positive slope. 
The results for rate were analyzed separately for 
each subject. (Table 2) For all subjects the F ratio 
for differences between coarseness of texture was 
lwert, J. E., Neidt, C. 0., and Ahmann, J. s., 
£E• cit., pp. 199-201. 
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significant beyond the .01 level. For subjects 1, 2, 
4, 5 and 6 the difference between replications 
(repeated presentation of the same texture) was not 
significant. For these same subjects the interactions 
Texture x Days, Texture x Replications and Days x 
Replications were not significant. Subject 3 was an 
exception. For this subject, the F ratios for 
differences between replications and the interactions 
of Texture x Days and Daya x Replications were 
significant beyond the .01 level. 
The null hypothesis of no change of rate across 
coarseness was rejected, and since the differences were 
in the expected direction, the alternate hypothesis 
was accepted. (For subjects 1, 2, 3, 5 and 6 the 
Spearman rank correlation of average rate score for 
each texture with coarseness is 1.00. This is 
significant beyond the .01 level with N = 6. For 
subject 4 the correlation is .94, which is significant 
at the .01 level with N = 6.) 2 
For each subject a daily average rate score for 
each texture was also computed. These results are shown 
in Figures 10 to 15 in the Appendix. The numerical 
results are shown in Tables lg to 23 in the Appendix. 
2
siegel, s., Non0arametric Statistics, McGraw-Hill, New York, 1956, pp. 2 2-213. 
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TABLE 2 
F RATIOS FOR ANALYSES OF VARIANCE OF RATE 
subj. Betw. Betw. Betw. Text. Text. Days 
Text. Days Reps. X X X 
Dazs Re:es. Re:es. 
DF 5,40 4,40 2,40 20,40 10,40 8,40 
1 196-~6 11.00 0.57 1.34 1.54 1.93 
2 75.!J:9 !J:.02 0.61 1.48 0.73 2.12 
3 ~8.2,2 90.11 5.42 2.57 0.99 Yl 
4 41.20 11.17 0.68 1.08 0.95 2.25 
5 18.96 12.25 1.48 1.02 1.02 0.68 
6 6!J:.6,2 23.00 1.56 1.35 0.68 1.67 
Underlined F ratios are significant at or beyond the 
.01 level. 
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Inspection of these Figures indicates that for all 
subjects the shape of the function describing the 
relationship between coarseness of texture and rate 
remains similar on succeeding days. For subjects 
1, 2, 4, 5 and 6 the curves cross repeatedly. For 
subject 3 the curves most clearly describe separate 
paths, with a systematic reduction of rate over 
successive days. 
Day means for rate were computed for each subject. 
These are shown in Figure 7 for all subjects. The 
numerical results are shown in Table 17 in the Appendix, 
To determine if there was a significant trend over days, 
days were correlated with the day means for each subject. 
(Spearman rank correlation.) The results were: 
Subject 1, r • -.60; subject 2, r • -.20; subject 3, 
r = .90; subject 4, r : -.70; subject 5, r : .70; 
subject 6, r = -.10. The result for subject 3 is 
significant at the .05 level. The rest of the 
correlations are not significant. Therefore, for 
subject 3 only, the null hypothesis of random variation 
over days is rejected, in favor of an alternate 
hypothesis of decrease in average rate of the negative 
after-effect over experimental days. 
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2. Analysis of Magnitude 
For each subject an average magnitude score was 
computed for each texture. A graphic presentation of 
the results for all subjecys is shown in Figure 8. 
The numerical results are shown in Table 24 in the 
Appendix. In all cases magnitudes are based on the 
maximum displacement of the response diaphragm, 
measured at a point where the displacement curve on 
the graph has become horizontal. 
Inspection of Figure 8 indicates that for all 
subjects, the magnitude of the negative after-effect 
of motion is a function of the coarseness of texture. 
As the coarseness of texture decreases the magnitude 
of the after-effect increases. The average magnitude 
of the after-effect varies for each subject, resulting 
in the vertical displacement of the curves. In each 
case the curve is a positively accelerated function 
which can be expressed by the equation x = yn+k. 
The results were treated as a three classification 
analysis of variance. In terms of the statistical test 
used the experimental hypothesis for magnitude is stated 
as follows: 
Null Hypothesis (H0 }: 
The magnitude of the negative after-effect of 
motion will not change with a change of coarseness 
65 
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of texture of the test stimulus. The regression of 
the means will be linear and of zero slope. 
Alternate Hypothesis (H1 ): 
The after-effect will increase in magnitude with 
a decrease of coarseness of texture. The regression of 
the means will be of positive slope. 
The results for magnitude were analyzed separately 
for each subject. (Table 3) For all subjects the 
F ratio for differences between coarseness of texture 
was significant beyond the .01 level. For all subjects 
the difference between replications was not significant. 
For subjects 2, 3 and 6 the F ratio for interaction of 
Textures x Days was significant beyond the .01 level. 
The null hypothesis of no change of magnitude 
across coarseness was rejected, and since the differences 
were in the expected direction, the alternate hypothesis 
was accepted. 
(For subjects 1, 2, 4, 5 and 6 the Spearman rank 
correlation of average magnitude score for each texture 
with coarseness is 1.00. This is significant beyond 
the .01 level with N = 6. For subject 3 the correlation 
is .94, which is significant at the .01 level with N • 6.) 
For each subject a daily average magnitude score 
for each texture was also computed. These results are 
shown in Figures 16 to 21. The numerical results are 
shown in Tables 26 to 31 in the Appendix. 
65 
TABLE 3 
F RATIOS FOR ANALYSES OF VARIANCE OVER MAGNITUDE 
Sub. Betw. Betw. Betw. Text. Text. Days 
Text. Days Reps. X X X 
Dazs Re;es. Re;es. 
DF 5,40 4,40 2,40 20,40 10,40 8,40 
1 12~-88 8.98 1.25 1.03 1.06 2.46 
2 171.95 6.58 3.99 2.70 1.18 0.50 
3 382.18 27.86 1.13 5.96 0.30 0.47 
4 91.41 ~ 0.41 0.93 1.22 1.79 
5 29-70 15.50 0.44 1.46 0.95 1.04 
6 140.65 12.19 0.26 2.50 1.26 1.18 
Underlined F ratios are significant at or beyond the 
.01 level. 
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Inspection of these figures indicates that for all 
subjects the shape of the function describing the 
relationship between coarseness of texture and magnitude 
remains similar on succeeding days. For all subjects 
the curves cross repeatedly. 
Day means for magnitude were computed for all 
subjects. These are shown in Figure 9 for all subjects. 
The numerical results are shown in Table 25 in the 
Appendix. 
To determine if there was a significant trend 
over days, days were correlated with day means for 
each subject. (Spearman rank correlation) The results 
were: subject 1, r = -.80; subject 2, r = -.20; 
subject 3, r = .90; subject 4, r : -.10; subject 5, 
r : .70; subject 6, r = -.10. The result for subject 
3 is significant at the .05 level. The rest of the 
correlations are not significant. Therefore, for subject 
3 only, the null hypothesis of random variation over 
days is rejected, in favor of an alternate hypothesis 
of decrease in average magnitude of the negative after-
effect over experimental days. 
To determine if there was a significant relationship 
between rate and magnitude, rate was correlated with 
magnitude for each subject. The correlation for 
subjects 1, 2, 5, and 6 is 1.00. The Spearman rank 
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correlation for subjects 3 and 4 is .94. All these 
correlations are significant at or beyond the .01 
level with N = 6. Therefore, for all six subjects the 
null hypothesis of no change of magnitudes across 
rates was rejected in favor of the alternate hypothesis 
of increase in magnitude with increase in rate. 
CHAPTER VI 
DISCUSSION OF RESULTS 
In this chapter the results of the study will be 
discussed and evaluated. In addition the theories, 
the methods of the study and the implications of the 
experiment will be discussed. 
1. Results 
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The results of the study confirm the experimental 
hypothesis. For all subjects the rate of the negative 
after-effect is a function of the coarseness of the 
test stimulus. As coarseness increases, rate decreases. 
In addition, the same relationship holds between the 
magnitude of the effect and the coarseness of the 
test stimulus. 
These effects indicate that texture of the test 
stimulus (and thereby contour of texture elements) 
is a relevant variable which should be considered in 
experiments involving the negative after-effect. 
The stability over subjects of the form of the 
function, as well as its stability over successive 
days for each subject, appears to reduce the possibility 
that the effect is an artifact. The fact that some 
subjects have after-effects of generally high level, 
while others have after-effects of generally low level, 
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points to individual differences of the effect in the 
population. These individual differences may be of 
particular significance when attempting to use the 
effect as a clinical instrument. 
Statistically significant differences in the level 
of the effect over days, present in all subjects, were 
systematic only in the case of subject 3, and must be 
attributed to uncontrolled factors, such as differences 
in fatigue, motivation, or adaptation over days, or at 
different times on the same day. Several subjects 
spontaneously stated that on days when they felt tired, 
the after-effect seemed to be less pronounced. All 
subjects found it increasingly difficult to attend to 
the experimental task toward the end of the experiment. 
Subject 3 experienced a systematic reduction of 
both rate and magnitude over the days of the experiment. 
This may indicate that an adaptation phenomenon is 
occurring. It is possible that this adaptation could 
be demonstrated in all subjects if a longer series of 
trials were used. 
2. Theories 
The theory proposed in this study focuses attention 
on the role of the contour characteristics of the test 
stimulus as a parameter of the negative after-effect of 
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motion. Although this relationship was recognized by 
several early investigators, it had not been systematically 
investigated. Instead, previous studies have focused 
almost exclusively on the parameters of the inspection 
stimulus. 
The theory assumes that cortical correlates of 
stimulus contours are established, and that these consist 
of gradients of impulse rate in the cortical medium. 
These gradients are determined by the discontinuity in 
intensity of stimulation across the stimulus contours 
as well as by the proximity of the contours to each 
other. Very closely spaced contours, such as exist in 
a visual texture, are assumed to inhibit the formation 
of adjacent cortical correlates. The finer the texture, 
the more closely spaced cortical correlates inhibit 
each other. As a result, the resistance of the cortical 
medium to the spread of excitation is reduced, and the 
rate of the after-effect increases. 
The experimental hypotheses derived from the 
theory were confirmed by this study. In addition, the 
theory may be extended to deal with changes of intensity 
of stimulation across test stimulus contours, as well 
as with changes in illumination of the entire test 
stimulus. This will be discussed in the Implication 
section below. 
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Eye movement theories as the explanation for the 
negative after-effect of motion have been shown to be 
untenable in the past. The clearest evidence against 
them stems from the fact that several after-effects in 
different directions can be simultaneously experienced 
in the same eye. 1 In addition, preliminary tests for 
this study showed that several after-effects of 
different rate can be simultaneously seen with the same 
eye. In fact, the simultaneous presence of two after-
effects of different rate appears to make it easier 
for the subject to make rate judgments. Furthermore, 
eye movements would affect areas of the eye outside 
the locus of the after-effect. This contradicts the 
statements of practically all observers, who agree 
that the after-effect is confined to the area of the 
eye stimulated by the inspection stimulus. 
The sensing of antagonistic eye muscle strains 
appears untenable for similar reasons, although the 
evidence is not as clear. However, it seems more 
logical that the very absence of eye movements, or of 
enervation from antagonistic eye muscle strains may 
contribute to the effect. When the eyeball is moved 
by an external force, such as finger pressure, apparent 
lnvo~ak, v., Versuche Uber die Nachbilder von 
Reizveraenderungen, in Wohlgemuth, A., ibid., p. 7. 
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movement is perceived by the subject. At the same time 
the normal enervation of the ocular muscles character-
istic of voluntary movement of the eyeball may be 
assumed to be altered or even absent. Analogously, in 
the after-movement phenomenon, a local after-excitation 
exists in part of the nervous system, possibly without 
the reciprocal enervation of the eye muscles that 
ordinarily accompanies movement experiences. This 
absence of interaction between retinal excitation and 
eye muscle ener~ation may be the factor responsible for 
projection of the apparent movement into the external 
world. 
Several criticisms may be made of the explanations 
based on satiation and statistical summation theories. 
The phenomenal flow of the effect is derived by 
assigning a reasonable but nevertheless arbitrary shape 
to the hypothetical adaptation or satiation curve which 
the inspection stimulus is assumed to generate. Partic-
ularly in the case of Spitz's2 extension of satiation 
theory, a negative after-effect does not seem to be the 
necessary outcome. Deutsch3 points out how in this 
extension of satiation theory a positive after-effect 
would be the more logical prediction. 
2spitz, H. H., 2£· cit., pp. 20g-210. 
3neutsch, J. A., ££• ~., pp. 393-394. 
In Singer's extension of statistical summation 
theory, the apparent movement itself is ascribed to 
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the return to its original position of the figure 
displaced by satiation. This process is so slow in 
ordinary figural after-effects that it is not noticed. 
In the negative after-effect of motion this movement is 
assumed to be speeded up. 4 
This assumption seems to require an extremely high 
increase in the rate of satiation and of recovery from 
satiation. Satiation in ordinary figural after-effects 
requires a relatively long inspection period in order 
to occur.5 It seems that the rapidly moving contours 
of the inspection stimulus used ~o generate the negative 
after-effect do not remain in one place long enough for 
a significant degree of satiation to develop. Further-
more, an extreme increase in the rate of movement of 
the displaced figure to its original position must 
be assumed to account for the almost explosively 
violent after-effects seen on homogeneous or finely 
textured test stimuli. 
4singer, J. G., ££• ~., PP• 71-73. 
5Kohler, w., and Wallach, H., ££• cit., p. 269. 
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Although many of the early investigators attempted 
to deal with the negative direction of the after-effect, 
neither the present theory nor Singer's extension of 
satiation theory is able to predict it. 6 It would seem 
in keeping with the requirements of parsimony if the 
negative direction of the after-effect could be shown 
to be the direct phenomenal result of a continued ebbing 
of neural after-excitation in the direction of the 
original movement of the inspection stimulus. Stern? 
suggested such a theory when he considered the negative 
after-effect to be the direct phenomenal result of a 
fleeting positive after image streak. This would make 
the negative after-effect a case of induced movement. 
However, later investigators including the present one, 
have been unable to duplicate Stern's observations. 
The viewing of the inspection stimulus seems almost 
always to be followed instantaneously by the negative 
after-effect. Occasional delays in onset, reported 
by Singer,B and also seen in this study, are probably 
due to a time lag of accomodation to the test stimulus, 
6singer, J. G., £2· cit., p. 77. 
?stern, L. W., Die Wahrenehmung der Bewegung 
vermittelst des Auges, in Wohlgemuth, A., £2• cit., 
pp. lB-19. 
8
singer, J. G., 2E• cit., p. 76. 
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which in both experiments was located farther away from 
the subject than the inspection stimulus. In addition, 
in this study a change in dark adaptation may have been 
involved, as the test stimulus was less brightly 
illuminated than the inspection stimulus. 
3. Method 
The following issues will be discussed: illumination 
and the response mechanism of the apparatus. 
The mean brightness was 3.1 apparent foot candles 
for the three coarse test stimuli, and 4.2 apparent 
foot candles for the three fine test stimuli. Were 
the high rates and magnitudes of the effect at the fine 
end of the coarseness continuum due to this brightness 
factor? The evidence appears to be negative. A. v. 
Szily pointed out that the "intensity" of the effect 
is greater on dimly illuminated test stimuli. 9 His 
use of "intensity" in this connection seems to refer 
to a rate phenomenon, in spite of his denial that rate 
can be measured. Although Wohlgemuth disagreed, 10 the 
present investigator's preliminary observations agree 
with v. Szily that "intensity" or rate is higher on 
dimly illuminated test stimuli. Since in this study 
9szily, A. v., ££· cit., p. 146. 
10
wohlgemuth, A.,££· cit., P• 35. 
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the fine textured test stimuli were more brightly 
illuminated, it may be assumed that these high rates 
and magnitudes were reduced by the greater brightness. 
If the brightness had been 3.1 apparent foot candles 
throughout, the rates and magnitudes for test stimuli 
4, 5 and 6 would have been still higher. 
The second issue relates to the complexity of the 
response mechanism. Turning a crank to adjust a 
diaphragm to match a hazy apparent movement is a 
complex eye-hand coordination, at which some subjects 
may do better than others because of innate ability or 
previous training. 
In addition the response alters the physical size 
of the test stimulus. As the resnonse is made, the 
diaphragm edge begins to move into a part of the visual 
field whose retinal counterpart is undergoing after-
excitation. It is known that in the totally darkened 
test field the negative after-effect of motion has a 
11 high rate. Are the results affected by this 
phenomenon? 
The answer to this question is a qualified no. 
All of the subjects had their attention focused on 
the brightly illuminated central part of the test field, 
11wohlgemuth, A., ibid., p. 31. 
and none of them noted any after-effect in the dark 
periphery of the field until it was called to their 
attention by the experimenter at the close of the 
experiment. Then they all reported that they could 
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see it, particularly after the diaphragm was almost 
totally closed, so that a substantial part of the field 
was dark. It is conceivable that this dimly visible 
peripheral after-effect may have contributed to the 
results. The solution is an apparatus in which the 
response mechanism in no way encroaches on the areas 
experiencing after-excitation, and in which the size 
of the test field is not changed. 
Another question that may be raised is to what 
extent does the motion of the negative after-effect and 
the motion of the closing diaphragm interact or summate? 
Several subjects were asked to close the response diaphragm 
without first having viewed the inspection stimulus. 
Thus no after-effect or after-excitation was present. 
The subjects concurred in the view that the experience 
was phenomenally clearly different from closing the 
diaphragm along with the after-effect. When the after-
effect was present, the diaphragm edge appeared to 
move along with the flow of the surface toward the 
center. When the after-effect was absent, the 
79 
phenomenal experience was one of the edge sweeping 
across the texture, and at times the texture even 
appeared to flow outward, toward the diaphragm. This 
appears to be an induced movement generated by the 
advancing diaphragm edge. 
Does this second apparent movement affect the 
negative after-effect? The answer is not absolutely 
certain, but the interaction between the two appears 
to be minimal. If the response diaphragm is left fully 
open, and is not used, verbal reports by the subjects 
indicate substantially the same relationship between 
coarseness of texture and the rate of the negative 
after-effect as when the diaphragm is used. As the 
apparent movement induced by the advancing diaphragm 
is fleeting and difficult to see, its role in any 
interaction between the two apparent movements is 
probably negligible. 
The method of taking rate measurements resulted 
in a series of negatively accelerating curves for 
subjects 1, 2, 4 and 5. For subjects 3 and 6, the 
results are more nearly linear. A sample of the 
curves for each subject is shown in Figure 5 on page 56. 
In the majority of the cases, the reduction in 
apparent movement in the early part of the after-effect 
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is relatively steep for all textures. Occasional 
almost vertical portions in the records for both fine 
and coarse textures during the beginning of the effect 
seem to represent instances in which the subject 
attempted to compensate for his own delay in beginning 
to operate the response mechanism. This delay may 
reflect a delay in change of accomodation to the more 
distant test stimulus. It may also represent difficulty 
in deciding whether apparent movement has really begun, 
followed by the sudden realization that it has already 
occurred. The subject now tries to "catch up." 
Although the results may have been somewhat 
modified by these effects, the similarity of the curves 
for each subject, as well as over subjects, indicates 
that they adequately represent the after-effect. In 
addition, verbal reports by observers indicate that 
the after-effect indeed begins with a sudden onrush, 
and then gradually slows down. 
4. Implications 
The theory proposed in this study yields a number 
of predictions which should be investigated. The 
present research was concerned only with changes of 
cortical gradients as a function of spacing of contours, 
i.e. changes in coarseness of texture. However 
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cortical excitation gradients may also be changed by 
altering the discontinuity of stimulation across the 
contours, or by varying the illumination of the entire 
test stimulus. This theory predicts that for any given 
coarseness of texture, as the discontinuity of 
stimulation is reduced, cortical excitation gradients will 
diminish, resistance to the spread of excitation will 
go down, and the rate of the negative after-effect 
will increase. Similarly as illumination is reduced, 
discontinuity of stimulation will diminish, and the 
rate of the negative after-effect will increase. 
Furthermore, it is probable that perceptual 
phenomena which are characterized by instability and 
apparent change, such as reversible figures, induced 
movement, and figural after-effects will be differ-
entially affected, depending on whether they are seen 
on a fine or coarse textured background. 
Because of the assumed lesser resistance to spread 
of excitation of the cortical correlates of fine 
textured stimuli, it seems possible to predict that 
induced movements on such fields will be greater, 
reversible figures will reverse more frequently, and 
the displacements of figural after-effects will be 
greater. Conversely, if viewed on coarse textured 
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stimuli induced movements will be smaller, reversible 
figures will reverse at a lower rate, and the displace-
ments of figural after-effects will be less. 
The strength of the texture effects indicates that 
this dimension must be controlled in future studies. 
Although all but one of the recent clinical studies 
have used the stopped spiral as the test stimulus, 
these spirals can not all have had the same surface 
characteristics. Some were made of black and white 
plastic, which was probably completely textureless. 12 
Others were painted on cardboard.l3 These may have 
shown considerable fine texture, stemming from the 
grainy microstructure of the cardboard. 
The duration of the effect over texture changes 
in the test stimulus must be investigated. In the 
present study, duration was not measured, because 
time measures could not accurately be taken from the 
recorded data. However, it appears from inspection of 
the records that duration of the negative after-effect 
of motion also is a function of the coarseness of 
texture of the test stimulus. 
Future research is needed in determining the 
12Price, A. c., and Deabler, H., 2£• ~., p. 299. 
l3McDonough, J. M., 2£• ~., p. 151. 
parameters of the inspection stimulus. What is the 
optimal relationship between the width of the black 
and white segments? How is this width related to speed 
of rotation, and to the distance from the observer? 
What are the optimal time relationships of successive 
black and white stimulations at the retina:' 
When more of the above questions have been 
answered it may be possible to more adequately control 
the parameters of the stimuli used to generate the 
negative after-effect of motion. 
CHAPTER VII 
SUMMARY AND CONCLUSIONS 
The purpose of this study was to investigate the 
relationship between the texture of the test stimulus 
and the rate of the negative after-effect of motion. 
An interaction theory based on contour phenomena was 
proposed to account for the effects of texture. 
The recent clinical literature has consisted 
mainly of studies which attempt to use the negative 
after-effect to diagnose brain damage. These studies 
have produced equivocal results. 
Systematic examination of the parameters of the 
after-effect has been limited by a lack of adequate 
techniques. Leads furnished by the earlier European 
literature on the effect have been neglected. 
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Several early investigators pointed to the texture 
of the test stimulus as a significant variable of the 
negative after-effect. 
not been followed up. 
However these suggestions have 
Instead all investigators have 
concerned themselves with the parameters of the 
inspection stimulus. 
Explanations of the negative after-effect have 
invoked both peripheral and central mechanisms. 
Recently attempts have been made to extend the satiation 
theory of figural after-effects, and its derivative, 
statistical summation theory, to explain the negative 
after-effect. 
The theory on which the present study is based 
assumes that there will be an interaction in the 
observer's visual cortex between the after-excitation 
which persists after the inspection stimulation ceases, 
and the second excitation which arises from the test 
stimulus. If the test stimulus consists of a fine 
texture, the close spacing of the cortical correlates 
of the contours of this stimulus is assumed to result in 
high mutual inhibition of the cortical correlates of 
the contours. This is assumed to result in low 
stability of the cortical correlates of the fine 
textured test stimulus, so that they will offer little 
resistance to the spreading of after-excitation. As a 
result, on a fine textured test stimulus the rate of the 
after-effect is predicted to be high. If the test 
stimulus consists of a coarse texture, the wide spacing 
of the cortical correlates of the contours of this 
stimulus is assumed to result in low mutual inhibition 
of the cortical correlates of the contours. This will 
result in more stable cortical contour correlates, 
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which will offer high resistance to the spread of after-
excitation, with the result that the rate of the after-
effect will be low. 
A population of responses was sampled from six 
college students. 
Six textured test stimuli were used, from coarse 
to fine. These were presented in random sequence each 
day for five days, with three replications on each day. 
Each trial consisted of a 30 second period 'of 
inspection of the rotating spiral stimulus, followed 
by the after-effect, followed by a 30 second rest. 
The hypothesis tested was as follows: The perceived 
rate of the after-effect is a function of the coarseness 
of the test stimulus. As coarseness increases, rate 
decreases. 
Measures of rate were taken for each subject. A 
three classification analysis of variance was applied 
to the data. The hypothesis was supported by the data 
from all subjects. 
Several additional findings were made. Measures 
of total displacement (magnitude) of the effect were 
taken, and it was found that the magnitude of the effect 
varied as a function of coarseness of the test stimulus. 
As coarseness increased, magnitude decreased. 
A second unanticipated finding was a significant 
effect over days for both rate and magnitude. This 
was systematic only in the case of subject 3. 
For all subjects, the relationship between coarseness 
of texture and rate of the effect can be expressed by 
a positively accelerated function expressed by the 
formula x = yn+ k. The same relationship holds between 
coarseness of texture and magnitude of the effect. 
The subjects showed considerable individual 
differences in both rate and magnitude of the effect. 
The implications of the experiment were discussed. 
The strength of the texture effects indicates that this 
dimension must be considered in future studies of the 
negative after-effect. 
Suggestions for further research were discussed. 
The conclusions that may be drawn from the present 
study are: 
1. The characteristics of the test stimulus are an 
important parameter of the negative after-effect of 
motion. 
2. The perceived rate of the after-effect is a 
function of the coarseness of texture of the test 
stimulus. As coarseness increases, rate decreases. 
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3. The perceived magnitude of the after-effect is a 
function of coarseness of texture of the test stimulus. 
As coarseness increases, magnitude decreases. 
4. There are considerable individual differences 
among subjects in both rate and magnitude of the effect. 
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TABLE 4 
SUBJECT #1: ANALYSIS OF VARIANCE 
RATE 
Source of Sum of df Mean Square F p 
Variance Sguares 
Textures 1719 5 343.80 196.46 <.01 
Days 77 4 19.25 11.00 <.01 
Replications 2 2 1.00 0.57 N.S. 
T x Days 47 20 2.35 1.34 N.S. 
T x R 27 10 2.70 1.54 N.S. 
DxR 27 8 3.38 1.93 N.S. 
T X D X R 70 40 1.75 
Total 1969 89 
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TABLE 5 
SUBJECT #2: ANALYSIS OF VARIANCE 
RATE 
Source of Sum of dl' Mean Square F p 
Variance Sguares 
Textures 7107 5 1421.40 75.49 <.Ol 
Days 303 4 75.75 4.02 <.Ol 
Replications 23 2 11.50 0.61 N. s. 
TxD 558 20 27.90 1.48 N. s. 
T x R 137 10 13.70 0.73 N. s. 
DxR 320 8 40.00 2.12 N. s. 
T X D X R 753 40 18.83 
Total 9201 89 
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TABLE 6 
SUBJECT #3: ANALYSIS OF VARIANCE 
RATE 
Source of Sum of df Mean Square F p 
Variance Sguares 
Textures 1907 5 381.40 58.23 <.Ol 
Days 2361 4 590.25 90.11 <.Ol 
Replications 71 2 35.50 5.42 <.Ol 
TxD 337 20 16.85 2.57 <.Ol 
TxR 65 10 6.50 0.99 N.S. 
DxR 253 8 31.63 4.83 <.Ol 
TxDxR 262 40 6.55 
Total 5256 89 
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TABLE 7 
SUBJECT #4: ANALYSIS OF VARIANCE 
RATE 
Source or sum of df' Mean Square F p 
Variance Sguares 
Textures 618 5 123.60 41.90 <.01 
Days 132 4 33.00 11.17 <.Ol 
Replications 4 2 2.00 0.68 N.S. 
T x D 64 20 3.20 1.08 N.s. 
T x R 28 10 2.80 0.95 N.S. 
DxR 53 8 6.63 2.25 N.S. 
T X D X R 118 40 2.95 
Total 1017 89 
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TABLE 8 
SUBJECT #5: ANALYSIS OF VARIANCE 
RATE 
Source of' Sumo£ d£ Mean Square F p 
Variance Sguares 
Textures 896 5 179.20 18.96 <.Ol 
Days 463 4 115.75 12.25 <.01 
Replications 28 2 14.00 1.48 N.S. 
T x D 193 20 9.65 1.02 N.s. 
TxR 96 10 9.60 1.02 N.S. 
DxR 51 8 6.38 0.68 N.s. 
TxDxR 378 40 9.45 
Total 2105 89 
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TABLE 9 
SUBJECT #6: ANALYSIS OF VARIANCE 
RATE 
source or SUII or ar Mean Square F p 
Variance Sguares 
Textures 2585 5 517.00 64.63 <.Ol 
Days 738 4 184.50 23.00 <.Ol 
Replications 25 2 12.50 1.56 N.s. 
TxD 216 20 10.80 1.35 N.S. 
T X R 54 10 5.40 0.68 N.S. 
D X R 107 8 13.38 1.67 N.S. 
TxDxR 320 40 8.00 
Total 4045 89 
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TABLE 10 
SUBJECT #1: ANALYSIS OF VARIANCE 
MAGNITUDE 
source o£ Sumo£ d£ Mean Square F p 
Variance Sguares 
Textures 3llg 5 623.60 194.gg <.Ol 
Days 115 4 2g.75 g.9g <.Ol 
Replications g 2 4.00 1.25 N.S. 
T x D 66 20 3.30 1.03 N.S. 
T x R 34 10 3.40 1.06 N.S. 
DxR 63 g 7.gg 2.46 N.S. 
TxDxR 12g 40 3.20 
Total 3532 g9 
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TABLE 11 
SUBJECT #2: ANALYSIS OF VARIANCE 
MAGNITUDE 
Source of Sum of df Mean Square F p 
Variance Sg,uares 
Textures 13352 5 2670.40 171.95 <.Ol 
Days 409 4 102.25 6.58 <.Ol 
Replications 124 2 62.00 3.99 N.S. 
T X D 838 20 41.90 2.70 <.Ol 
TxR 184 10 18.40 1.18 N.S. 
DxR 62 8 7.75 0.50 N.S. 
TxDxR 621 40 15.53 
Total 15590 89 
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TABLE 12 
SUBJECT #3: ANALYSIS OF VARIANCE 
MAGNITUDE 
Source or sum or d£ Mean Square F p 
Variance Sguares 
Textures 20351 5 4070.20 382.18 <.Ol 
Days 1187 4 296.75 27.86 <.Ol 
Replications 24 2 12.00 1.13 N.S. 
T x D 1269 20 63.45 5.96 (.01 
TxR 32 10 3.20 0.30 N.S. 
DxR 40 8 5.00 0.47 N.S. 
T X D X R 426 40 10.65 
Total 23329 89 
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TABLE 13 
SUBJECT #4: ANALYSIS OF VARIANCE 
MAGNITUDE 
Source of sum ot ar Mean Square F p 
Variance Sguares 
Textures 1691 5 338.20 91.41 <.Ol 
Days 67 4 16.75 4.53 <.Ol 
Replications 3 2 1.50 0.41 N.S. 
T x D 69 20 3.45 0.93 N.S. 
T x R 45 10 4.50 1.22 N.S. 
D x R 53 8 6.63 1.79 N.S. 
TxDxR 148 40 3.70 
Total 2076 89 
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TABLE 14-
SUBJECT #5: ANALYSIS OF VARIANCE 
MAGNITUDE 
Source of Sum of df Mean Square F p 
Variance Sguares 
Textures 2477 5 495.40 39.70 (.01 
Days 774 4 193.50 15.50 <.ol 
Replications 11 2 5.50 0.44 N.S. 
T x D 365 20 18.25 1.46 N.S. 
T x R 118 10 11.80 0.95 N.S. 
DxR 104 8 13.00 1.04 N.S. 
T X D X R 499 40 12.48 
Total 4348 89 
118 
TABLE 15 
SUBJECT #6: ANALYSIS OF VARIANCE 
MAGNITUDE 
Source of Sum of ar Mean Square F p 
Variance Sguares 
Textures 5450 5 1090.00 140.65 < .01 
Days 378 4 94.50 12.19 <.Ol 
Replications 4 2 2.00 0.26 N.S. 
T x D 387 20 19.35 2.50 < .01 
T x R 98 10 9.80 1.26 N.S. 
DxR 73 8 9.13 1.18 N.S. 
T X D X R 310 40 7-75 
Total 6700 89 
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TABLE 16 
TEXTURES : AVERAGE RATES* 
Subject Test Stimuli Fine Coarse 
1 2 3 L. 5 6 
1 12.3 12.6 14.1 14.7 19.3 24.7 
2 16.5 18.5 20.2 22.4 29.3 42.6 
3 15.3 17.8 18.2 18.5 23.5 29.1 
4 8.3 10.1 lO.lt, 10.3 12.0 16.7 
5 14.0 15.9 16.4 17.1 19.1 23.9 
6 12.9 16.1 16.5 17.6 23.2 29.1 
*Subjects 1- 5: Rate in mm. of pen displacement over 
10 seconds. Subject 6: Rate in mm. of pen 
displacement over 6 seconds. 
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TABLE 17 
DAYS: AVERAGE RATES* 
Days 
Subject 1 2 3 4 5 
1 15.4 16.3 15.2 17.7 16.9 
2 24.6 25.7 22.2 24.3 27.8 
3 26.7 26.1 19.1 14.6 15.5 
4 9.9 10.2 13.1 11.1 12.3 
5 21.0 17.8 18.2 17.9 13.9 
6 13.7 20.0 21.2 19.6 21.7 
*Subjects 1- 5: Rate in mm. of pen displacement over 
10 seconds. Subject 6: Rate in mm. of pan 
displacement over 6 seconds. 
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TABLE 18 
SUBJECT #1: DAILY AVERAGE RATES* 
Days Coarse Test Stimuli Fine 
1 2 3 4 5 6 
1 11.0 13.0 13.0 12.7 19.7 23.0 
2 12.0 12.3 14.0 15.0 19.3 25.0 
3 12.0 12.3 14.0 13.7 16.3 23.0 
4 13.7 13.3 14.3 16.7 21.3 26.7 
5 13.0 12.7 15.3 15.3 19.7 25.7 
*Rate in mm. of pen displacement over 10 seconds 
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TABLE 19 
SUBJECT #2: DAILY AVERAGE RATES* 
Days Coarse Test Stimuli Fine 
1 2 3 4 5 6 
1 15.3 19.7 17.3 24.3 26.0 44.7 
2 16.0 17.3 11.7 19.7 35.7 48.0 
3 14.3 16.3 19.7 22.3 26.3 34.0 
4 16.0 19.3 22.7 19.7 26.3 42.0 
5 20.7 19.7 23.7 26.0 32.3 44.3 
*Rate in mm. of pen displacement over 10 seconds. 
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TABLE 20 
SUBJECT #3: DAILY AVERAGE P..ATES* 
Test Stimuli Fine Days Coarse 
1 2 3 4 5 6 
1 21.3 24.0 24.3 22.0 33.0 35.7 
2 18.7 22.3 22.7 23.3 32.3 37.0 
3 14.0 17.7 16.3 20.3 21.7 24.7 
4 11.3 15.0 12.0 12.0 14.0 23.3 
5 11.0 10.0 15.7 15.0 16.3 25.0 
*Rate in mm. of pen displacement over 10 seconds. 
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TABLE 21 
SUBJECT #4: DAILY AVERAGE RATES* 
Days Test Stimuli Fine Coarse 
1 2 3 4 5 6 
1 6.0 9.0 10.3 9.0 10.0 15.0 
2 8.3 9.3 9.3 10.0 10.7 13.7 
3 10.0 12.0 11.7 12.3 14.7 17.7 
4 9.0 9.7 10.3 9.3 11.0 17.0 
5 8.3 10.7 10.3 11.0 13.7 20.0 
*Rate in mm. of pen displacement over 10 seconds. 
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TABLE 22 
SUBJECT #5: DAILY AVERAGE RATES* 
Days Test Stimuli Coarse Fine 
1 2 3 4 5 6 
1 15.7 18.0 19.7 20.3 21.7 30.7 
2 14.0 17.7 13.3 17.3 22.0 22.3 
3 15.0 16.7 17.3 18.0 19.0 33.3 
4 17.0 15.3 18.3 16.7 17.3 22.7 
5 8.3 12.0 13.3 13.3 15.7 20.7 
*Rate in mm. of pen displacement over 10 seconds. 
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TABLE 23 
SUBJECT #6: DAILY AVERAGE RATES* 
Test Stimuli Fine Days Coarse 
1 2 3 4 5 6 
1 8.7 13.7 11.0 10.3 15.3 23.3 
2 12.7 18.3 16.3 20.0 25.0 27.7 
3 15.7 18.0 19.0 18.3 24.7 31.7 
4 15.0 13.7 18.3 17.3 23.3 30.0 
5 12.3 17.0 18.0 22.3 27.7 32.7 
*Rate in mm. of pen displacement over 6 seconds. 
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TABLE 24 
TEXTURES: AVERAGE MAGNITUDES* 
Subject Coarse Test Stimuli Fine 
1 2 3 4 5 6 
1 12.9 13.7 15.1 15.6 22.1 29.6 
2 21.2 25.6 28.2 33.1 46.4 55.7 
3 24.5 27.8 28.9 28.0 44.4 67.3 
4 9.6 11.7 11.9 12.1 15.1 22.9 
5 15.0 18.0 18.3 19.1 23.5 31.1 
6 16.1 20.2 21.1 21.7 30.5 39.3 
*Magnitudes in mm. of pen displacement. 
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TABLE 25 
DAYS: AVERAGE MAGNITUDES* 
Days 
Subject 1 2 3 4 5 
1 16.9 17.8 17.3 20.0 18.8 
2 35.1 36.4 31.5 34.4 37.8 
3 41.5 40.0 37.1 32.0 33.6 
4 13.6 13.3 15.5 13.1 13.9 
5 25.3 20.6 21.4 20.7 16.1 
6 21.3 27.4 25.9 24.2 25.2 
*Magnitudes in mm. of pen displacement. 
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TABLE 26 
SUBJECT #1: DAILY AVERAGE MAGNITUDE* 
Test Stimuli Days Coarse Fine 
1 2 3 4 5 6 
1 11.7 13.7 14.0 13.3 21.7 27.0 
2 12.3 13.3 15.0 15.3 22.3 28.3 
3 12.7 13.0 15.3 15.0 19.0 28.7 
4 14.7 14.0 15.3 18.0 25.0 33.0 
5 13.3 14.3 16.0 16.3 22.3 30.7 
*Magnitude in mm. of pen displacement. 
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TABLE 27 
SUBJECT #2 : DAILY AVERAGE MAGNITUDE* 
Test Stimuli Fine Days Coarse 
1 2 3 4 5 6 
1 20.0 29.0 26.0 34.7 45.3 55.3 
2 22.0 23.7 26.0 30.0 54.0 63.0 
3 20.0 24.0 26.0 32.0 40.3 46.7 
4 20.3 27.3 30.0 35.0 41.3 52.3 
5 23.7 24.0 33.0 33.7 51.3 61.3 
*Magnitude in mm. of pen displacement. 
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TABLE 28 
SUBJECT #3: DAILY AVERAGE MAGNITUDE* 
Test Stimuli Days Coarse Fine 
1 2 3 4 5 6 
1 28.0 32.7 30.3 28.3 62.7 67.0 
2 28.3 30.3 32.0 34.0 47.7 67.7 
3 22.7 30.7 28.7 32.7 41.0 66.7 
4 21.3 21.7 24.0 21.3 36.3 67.3 
5 22.3 23.7 29.7 23.7 34.3 67.7 
*Magnitude in mm. of pen displacement. 
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TABLE 29 
SUBJECT #4: DAILY AVERAGE MAGNITUDE* 
Days Coarse Test Stimuli Fine 
1 2 3 4 5 6 
1 9.7 12.3 12.3 11.0 15.0 21.3 
2 9.0 11.7 11.3 12.7 14.3 20.7 
3 10.7 13.0 13.3 14.3 17.0 24.7 
4 9.7 11.0 11.3 11.0 13.7 21.7 
5 8.7 10.7 11.3 11.3 15.3 26.0 
*Magnitude in mm. of pen displacement. 
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TABLE 30 
SUBJECT #5: DAILY AVERAGE MAGNITUDE* 
Days Coarse Test Stimuli Fine 
1 2 3 4 5 6 
1 16.3 21.3 21.3 22.3 29.3 41.3 
2 15.3 19.0 14.3 19.7 26.3 29.0 
3 16.3 19.0 20.0 20.0 22.7 30.7 
4 18.3 17.3 20.7 18.3 20.3 29.0 
5 8.7 13.3 15.0 15.0 19.0 25.7 
*Magnitude in mm. of pen displacement. 
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TABLE 31 
SUBJECT #6: DAILY AVERAGE MAGNITUDE* 
Coarse Test Stimuli Fine Days 
1 2 3 4 5 6 
1 13.7 21.3 17.0 16.7 25.0 34.0 
2 17.3 22.3 22.0 26.7 36.7 39.3 
3 lg.o 21.3 24.7 21.0 29.0 41.7 
4 17.7 16.3 22.0 19.0 30.0 40.0 
5 13.7 19.7 19.7 25.0 32.0 41.3 
*Magnitude in mm. of pen displacement. 
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APPENDIX F 
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TABLE 32 
SUBJECT #1: RATE SCORES* 
Days Coarse Test Stimuli Fine 
1 2 3 4 5 6 
10 14 13 14 21 25 
1 11 11 12 12 19 23 
12 14 14 12 19 21 
12 13 15 15 20 25 
2 12 11 13 15 19 23 
12 13 14 15 19 27 
10 13 14 15 16 22 
3 13 13 13 12 17 25 
13 11 15 14 16 22 
14 12 10 17 21 25 
4 15 14 16 17 20 29 
12 14 17 16 23 26 
11 13 14 16 20 24 
5 14 13 15 15 20 26 
14 12 17 15 19 27 
*Rate in mm. of pen displacement over 10 seconds. 
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TABLE 33 
SUBJECT #2: RATE SCORES* 
Test Stimuli Fine Days Coarse 
1 2 3 4 5 6 
16 22 19 25 29 57 
1 15 20 16 27 25 40 
15 17 17 21 24 37 
17 15 17 17 40 52 
2 17 17 18 21 27 54 
14 20 18 21 40 38 
12 17 15 24 25 33 
3 16 14 21 18 28 37 
15 18 23 25 26 32 
15 24 21 18 24 34 
4 15 17 23 18 32 46 18 17 24 23 23 46 
17 20 20 24 23 36 
5 23 22 21 28 38 51 
22 17 30 26 36 46 
*Rate in mm. of pen displacement over 10 seconds. 
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TABLE 34 
SUBJECT #3 : RATE SCORES* 
Test Stimuli Fine Days Coarse 
1 2 3 4 5 6 
21 24 21 23 33 34 
1 22 24 28 22 33 40 
21 24 24 2l 33 33 
22 26 24 26 35 38 
2 18 18 24 24 36 37 
16 23 20 20 26 36 
18 22 22 23 26 28 
3 11 19 14 20 24 26 
13 12 13 18 15 20 
7 12 13 13 14 20 
13 17 7 12 1lt. 23 
14 16 16 11 14 27 
12 9 17 20 18 22 
5 9 11 16 15 13 25 
12 10 14 10 18 28 
*Rate_in mm. o! pen displacement over 10 seconds. 
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TABLE 35 
SUBJECT #4: RATE SCORES* 
Days Coarse Test Stimuli Fine 
1 2 3 4 5 6 
6 9 9 6 7 13 
1 7 8 13 14 11 18 
5 10 9 7 12 14 
8 8 6 10 11 12 
2 10 8 10 10 12 15 
7 12 12 10 9 14 
10 11 11 11 18 19 
3 11 13 11 14 13 15 
9 12 13 12 13 19 
10 10 11 9 11 17 
4 8 10 8 8 12 17 
9 9 12 11 10 17 
8 10 10 12 16 22 
5 8 10 10 11 13 18 
9 12 11 10 12 20 
*Rate in mm. of pen displacement over 10 seconds. 
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TABLE 36 
SUBJECT #5: RATE SCORES* 
Days Test Stimuli Coarse Fine 
1 2 3 I+ 5 6 
17 17 20 23 21 32 
1 13 21 20 22 26 28 
17 16 19 16 18 32 
12 15 12 24 24 28 
2 12 18 12 18 18 21 
18 20 16 10 24 18 
15 18 13 17 20 21 
3 16 14 22 20 19 26 
14 18 17 17 18 23 
16 16 23 18 17 22 
18 16 17 15 15 25 
17 14 15 17 20 21 
11 14 15 15 13 24 
5 6 11 11 16 16 21 
8 11 14 9 18 17 
*Rate in mm. of pen displacement over 10 seconds. 
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TABLE 37 
SUBJECT #6; RATE SCORES* 
Days Coarse Test Stimuli Fine 
1 2 2 4 ~ 6 
9 18 13 13 15 24 
1 8 14 12 8 14 23 
9 9 8 10 17 23 
12 19 13 21 28 22 
2 13 17 18 22 24 35 
13 19 18 17 23 26 
15 18 22 20 23 30 
3 15 16 22 18 26 31 
17 20 13 17 25 34 
16 10 18 16 26 30 
11 15 17 18 22 30 
18 16 20 18 22 30 
16 19 20 27 28 37 
5 12 15 17 18 28 35 
9 17 17 22 27 26 
*Rate in mm. of pen displacement over 6 seconds. 
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TABLE 38 
SUBJECT #1: MAGNITUDE SCORES* 
Days Coarse Test Stimuli Fine 
1 2 3 4 5 6 
11 15 14 15 23 29 
1 12 11 13 12 21 28 
12 15 15 13 21 24 
13 15 17 15 22 28 
2 12 12 14 16 22 25 
12 13 14 15 23 32 
11 14 15 17 20 28 
3 14 13 15 13 20 30 
13 12 16 15 17 28 
15 12 11 18 24 29 
4 16 15 17 18 23 34 
13 15 18 18 28 36 
11 14 14 17 22 26 
5 14 15 16 16 24 32 
15 14 18 16 21 34 
*Magnitude in mm. of pen displacement. 
144 
TABLE 39 
SUBJECT #2: MAGNITUDE SCORES* 
Test Stimuli Fine Days Coarse 
1 2 3 4 5 6 
18 27 25 32 46 61 
1 23 32 25 35 45 56 
19 28 28 37 45 49 
21 19 29 27 55 65 
2 26 27 25 31 53 67 
19 25 24 32 54 57 
17 26 22 34 40 45 
3 23 20 27 27 41 48 
20 26 29 35 40 47 
19 27 27 29 41 47 
4 17 25 30 36 46 55 
25 30 33 40 37 55 
21 22 26 34 48 52 
5 25 27 30 32 58 69 
25 23 43 35 48 63 
*Magnitude in mm. of pen displacement. 
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TABLE 40 
SUBJECT #3 : MAGNITUDE SCORES* 
Test Stimuli Days Coarse Fine 
1 2 3 4 5 6 
31 30 29 29 54 67 
1 26 33 31 30 67 67 
27 35 31 26 67 67 
30 32 29 32 46 67 
2 30 30 33 35 48 68 
25 29 34 35 49 68 
23 32 26 33 41 67 
3 23 31 29 33 44 66 
22 29 31 32 38 67 
14 16 26 20 39 67 
4 25 24 22 24 35 68 25 25 24 20 35 67 
25 29 26 22 38 68 
5 20 26 33 26 30 67 
22 18 30 23 35 68 
*Magnitude in mm. of pen displacement. 
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TABLE 41 
SUBJECT #4: MAGNITUDE SCORES* 
Days Test Stimuli Coarse Fine 
1 2 3 4 5 6 
10 11 11 8 16 19 
1 9 12 16 16 12 24 
10 14 10 9 17 21 
9 10 7 12 15 19 
2 10 10 12 13 14 20 
8 15 15 13 14 23 
12 12 13 14 20 26 
3 11 15 13 17 16 22 
9 12 14 12 15 26 
10 11 13 11 13 22 
4 9 12 9 10 15 22 
10 10 12 12 13 21 
9 10 11 13 16 26 
5 8 10 10 11 15 23 
9 12 13 10 15 29 
*Magnitude in mm. of pen displacement. 
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TABLE 42 
SUBJECT #5 : MAGNITUDE SCORES* 
Test Stimuli Days Coarse Fine 
1 2 3 4 5 6 
18 18 20 24 26 41 
1 13 26 23 23 36 41 
18 20 21 20 26 42 
13 17 12 27 29 33 
2 14 18 13 21 23 29 
19 22 18 11 27 25 
16 20 14 18 22 24 
3 17 15 24. 24 23 37 
16 22 22 18 23 31 
17 19 24 19 21 28 
4 19 17 21 16 19 32 
19 16 17 20 21 27 
11 16 17 16 14 29 
5 6 12 12 17 22 26 
9 12 16 12 21 22 
*Magnitude in mm. of pen displacement. 
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TABLE 43 
SUBJECT #6: MAGNITUDE SCORES* 
Test Stimuli Days Coarse Fine 
1 2 2 4 5 6 
14 25 20 17 24 29 
1 14 24 20 16 25 37 
13 15 11 17 26 36 
16 22 20 26 40 33 
2 17 21 24 28 32 46 
19 24 22 26 38 39 
19 21 26 23 27 41 
3 16 20 28 21 29 43 
19 23 20 19 31 41 
18 13 21 19 32 39 
4 17 19 20 19 28 40 
18 17 25 19 30 41 
16 20 22 30 32 42 
5 15 19 18 20 33 41 
10 20 19 25 31 41 
*Magnitude in mm.of pen displacement. 
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ABSTRACT 
The purpose of this study was to investigate the 
relationship between the texture of the test stimulus 
and the rate of the negative after-effect of motion. 
An interaction theory based on contour phenomena was 
proposed to account for the effects of texture. 
The recent clinical literature has consisted 
mainly of studies which attempt to use the negative 
after-effect to diagnose brain damage. These studies 
have produced equivocal results. 
Systematic examination of the parameters of the 
after-effect has been limited by a lack of adequate 
techniques. Leads furnished by the earlier European 
literature on the effect have been neglected. 
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Several early investigators pointed to the texture 
of the test stimulus as a significant variable of the 
negative after-effect. However these suggestions have 
not been followed up. Instead all investigators have 
concerned themselves with the parameters of the 
inspection stimulus. 
Explanations of the negative after-effect have 
invoked both peripheral and central mechanisms. 
Recently attempts have been made to extend the satiation 
theory of figural after-effects, and its derivative, 
statistical summation theory, to explain the negative 
after-effect. 
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The theory on which the present study is based 
assumes that there will be an interaction in the 
observer's visual cortex between the after-excitation 
which persists after the inspection stimulation ceases, 
and the second excitation which arises from the test 
stimulus. If the test stimulus consists of a fine 
texture, the close spacing of the cortical correlates 
of the contours of this stimulus is assumed to result in 
high mutual inhibition of the cortical correlates of 
the contours. This is assumed to result in low 
stability of the cortical correlates of the fine 
textured test stimulus, so that they will offer little 
resistance to the spreading of after-excitation. As a 
result, on a fine textured test stimulus the rate of the 
after-effect is predicted to be high. If the test 
stimulus consists of a coarse texture, the wide spacing 
of the cortical correlates of the contours of this 
stimulus is assumed to result in low mutual inhibition 
of the cortical correlates of the contours. This will 
result in more stable cortical contour correlates, 
which will offer high resistance to the spread of after-
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excitation, with the result that the rate of the after-
effect will be low. 
A population of responses was sampled from six 
college students. 
Six textured test stimuli were used, from coarse to 
fine. These were presented in random sequence each day 
for five days, with three replications on each day. 
Each trial consisted of a 30 second period of 
inspection of the rotating spiral stimulus, followed 
by the after-effect, followed by a 30 second rest. 
The hypothesis tested was as follows: The perceived 
rate of the after-effect is a function of the coarseness 
of the test stimulus. As coarseness increases rate 
decreases. 
Measures of rate were taken for each subject. A 
three classification analysis of variance was applied 
to the data. The hypothesis was supported by the data 
from all subjects. 
Several additional findings were made. Measures 
of total displacement (magnitude) of the effect were 
taken, and it was found that the magnitude of the effect 
also varied as a function of coarseness of the test 
stimulus. As coarseness increased, rate decreased. 
A second unanticipated finding was a significant 
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effect over days for both rate and magnitude. This was 
systematic only in the case of one subject. 
For all subjects, the relationship between coarseness 
of texture and rate of the effect can be expressed by 
a positively accelerated function expressed by the 
formula x = yn+ k. The same relationship holds between 
coarseness of texture and magnitude of the effect. 
The subjects showed considerable individual 
differences in both rate and magnitude of the effect. 
The strength of the texture effects indicates that 
this dimension should be considered in future studies 
of the negative after-effect. 
The theory proposed in this study yields a number 
of additional predictions. The present research was 
concerned only with changes of cortical gradients as 
a function of spacing of test stimulus contours, 
i.e. changes in coarseness of texture. However cortical 
excitation gradients may also be changed by altering 
the discontinuity of stimulation across the contours, or 
by varying the illumination of the entire test stimulus. 
Under either of these conditions the present theory 
predicts changes in the rate of the negative after-effect. 
The conclusions that may be drawn from the present 
study are: 
1. The characteristics of the test stimulus are an 
important parameter of the negative after-effect of 
motion. 
2. The perceived rate of the after-effect is a 
function of the coarseness of texture of the test 
stimulus. As coarseness increases, rate decreases. 
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3. The perceived magnitude of the after-effect is a 
function of coarseness of texture of the test stimulus. 
As coarseness increases, magnitude decreases. 
4. There are considerable individual differences among 
subjects in both rate and magnitude of the effect. 
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From 1953 until 1954 I worked as an industrial 
engineer. During the years 1954 to 1956, I served as 
Instructor in Psychology at the University of Vermont. 
In addition I was Supervisor of the University of 
Vermont Testing and Vocational Counseling Service. 
In 1956 I entered Boston University in the 
Department of Psychology. From 1956 until 1960 
I was a Counseling Psychology Trainee at the Brockton, 
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Garside. We have three children. 
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